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NOTE, 



Thb following chapters were delivered as a Course 
of Cantor Lectures before the Society of Arts. The 
lectures were largely illustrated by specimens borrowed 
from the Parkes Museum of Hygiene, at University 
College, and many of the illustrations are selected 
from those in the catalogue of that museum, others 
being chosen from those in '* Our Homes,** with the 
kind permission of Messrs. Cassell and Co. 

It is hoped that the book may be useful as a 
short and practical exposition of the means by which 
dwelling houses may be made wholesome. 

W. H. C. 

10 Bolton Bow, Mayfair, W. 
Janua/ry, 1886. 
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SANITARY CONSTEUCTION AKD ARRANGEMENTS. 



CHAPTER I. 

BlTCiTION AND CoNaTKDCnON OF HoCaSB. 

It IB only neceBsory for me to make a few introductory 
remarks about climate. Although few persrinB caa choose 
■what part of the world they will live in, a considerable 
number are able to decide in what part of the country they 
will reside, Other things being equal, the nearer a place 
to the eea, the more equable is the chmate, and the 
further inland the placa is, the more is the climate one of 
estremeB ; so that those who wish for a moist, equable 
climate, with warm winters and warm nights, will choose 
B place by the seaside ; while those who wish for a more 
bracing atmosphere will go further inland. In England, 
too, as is well known, there is considerable difference 
between the climate at various parts of the seaboard. 
Thus, the western coast, being exposed to the winds which 
pass over the Atlantic, and to the action of the moist, warm 
air, whioh passes over the course of the Ga!f Stream, has 
a warm, moist atmosphere, and a heavy rainfall ; while 
the eastern coast, which is swept by winds that Lave 
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puBBed aci'DBs Siberia, and Kuseia, and have only tile's 
narrow strip of Germaa Oceiui to pasB over before they 1 
reaoh our coast, has a dry, bleak, and comparatively cold I 
climate. 

For the same reason, too, the aspect of a lionse, or th 
way in which it faces, is a matter of great importance ii 
this climate, as is well known ; n Bouthern aspect, for 
example, being warm and genial, whilst an eastern one is 
juBt the reverse. 

In tlie neighbourhood of forests, the air is damp during 
a great part of the year, from Ihe euormouB amount of 
evaporation that takes place frojn tiie leaves of tUo trees, 
and Humboldt tells us that the large forsBts on the banks 
of the AmaKOB arc perpetually covered with loist. Other 
things being equal, a bare open country is drier and hotter 
than a well-wooded one. 

I will divide the Boilp, for sanitary purposes, into two 
kinds — ^pervious and impervious ; thoee that allow water 
to pass freely through them, and those that do not. Per- 
vious Boils are such as gravel, eand, and the Icbb compact 
and softer limestones, which allow water to pass through 
their iutersticea, and chalk, in which the water for the 
most part travels through the fissures', tlie typical im- 
pervious ones are such ub tlie various clays, mostly named 
from tlie localities where they are best known, as the 
London clay, Oxford clay, Kimmeridge clay. Most of 
the metamorphic rocks and the hard limestones are non- 
porons, but have a multitude of crevices, through which 
the water finds its way. In the former case the water 
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which falls on the surface passes readily tbrougli tlie soil, 
until it comes to some impervious stratum below, over 
wliich it accumulates and along which it flows, antil it 
either finds outlet at the surface of the ground, where the 
impervious stratum crops out, or until it roaches the 
nearest watercourse ; eo that above the imperviouB Uyer, 
wliich has arrested its progresa through the rocks, there 
is s stratum of water of a depth which will vary with a 
variety of circumstances— a stratum which can be reached 
from the surface of the ground by digging weils down to it. 
This water we call t!ie " subsoil " water, or the ground 
water (gruitibfaiter). In some instances, the impervious 
stratum just spoken of is placed in such a manner as to 
prevent the escape of the subsoil water at all, in which 
case the Boil is said to be water-logged. The water which 
falls on the impervious soils, on the other hand, does not 
eink into tlie ground, but remains on the surface, or runs 
off if there be a suitable incline, and so such soils are 
necessarily damp. 

The diseases tliat are prevalent upon the pervious soils 
are enteric (typhoid) fever, and cholera during epidemics 
of that disease ; diseases, in fact, the poisons of which are 
chiefly communicated by means of drinking water ; and 
the readiness with which the subsoil water just mentioned 
can be contaminated by the percolation into it of foul mat- 
ters from tlie reTuse of habitations, combined with the fact 
that people who live on such soils, geuerally drink water 
from weUs dug in them, no doabt accounts for the preva- 
lence of those diseases upon pervious soik. 



SITUATION AND CONSTRUCTION 



On imperv'tous damp soils, on the other hauil, consump- 
Uon, the great plague of our climate, which IuIIb mor* 
thau hiilf as many people as all the commumcnblc fevers 
put together, is prevalent, and so are lung diseases of 
various kinds, rbeumatiiim, and under special cireum- 
stances, ague. It has bee« clearly shown that dampnesa 
of the soil under the houses is one of the factors iu the pro- 
duction of consumption. Dr. George Buchanan (see 9Ul 
Iteport of the Medical Officer of the Privy Council) de- 
monstrated that in every instance where the level of tha 
subsoil water iu a town had been lowered, that is to say, 
where the distance between the basements of the houses 
aud the level of the water iu the soil bad been made 
greater, the doath-rate from consumption had decreased — 
in one Instance to the extent of not less than 50 per cent. — 
30 that there cau be no question that it is extremely im- 
portant for everyone who can to live upon a dry soil. 
Where tlien the soil is not pervious to a considerable depth 
below the basoiuents of the houses, so that the level of 
the ground-water comes within a few feet of them, or 
where the soil being itself pervious, is naturally water- 
logged, or iu tile so-called impervious soils, which ale of 
course all pervious to some extent, it is necessary to pro- 
vide means whereby the level of the water shall be kept 
below a certain minimum depth from the foundations 
of the houses. This is done by drainage, and by a 
drain I mean a pipe or channel that is intended to 
remove the water from the soil. It must, therefore, be a 
pipe into which the water cau get — that is to say, it mus( 
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bo pervious to water. The object of draius then is two- 
fold, to carry off the surface water, and to prevent the 
eubeoil water rieing above a certain height, for as booh 
as it rises to the level of the draius, it fiuda its way iuto 
them, and is carried away to the ontfall at a. lower point. 

Drains may, therefore, be made of stones placed to- 
gether without cement, aa was the case with the Cloaca 
Maxima, the great drain which was constructed by the 
eecond king of Rome to dry the ground around the Forum ; 
or of brickwork, wltli or without raortar ; or, as is very 
commonly the case, of pervious agricultural tilea. The 
surface gutters must also be mentioned iu connection with 
the drains, and they are, of course, especially necessary on 
impervious soils. The ultimate destination of the drains 
is into the watercourses, streams, rivers, Ac. 

So much for natural soils ; but, especially in the neigh- 
bourhood of most of our large towns, many of the houses 
are built upon artificial soil, or "made ground" as it is 
called. This made groimd consists of the refuse of dust- 
bins, aeh-pits, midden-heaps, and the like, which is shot at 
some place where the ground requires to be raised. It is 
■very undesirable tliat houBcs should be built on any such 
made ground, at any rate for a considerable period. There 
is no doubt, however, that, after some time, the action of 
the air and water in the soil caMses a slow decomposition 
of the organic matters in it, and renders it less objectiona- 
ble as a site for building purposes. Nevertheless, no one 
vould choose to live in a house built upon "made ground" 
if be could help it. 
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The proiimity of bnildingH ia the next matter to be 1 
conBidered. It is important that bouses slioiild not be too 1 
near together, as otherwise both Ught and ventilatiou ar« 1 
interfered with, and it is now a regulation in the metro- | 
polis that a new etroet shall be at least ae wide s 
houses on either aide of it are high and that uo new street I 
ehall be leus than 40 feet wide. 

Having determined the site on which to build, we come ( 
next to the founduliom. TheKe should not be on e 
ground, nor on purely vegetable soil, as peat, humus, &e. 
Their depth is n matter which it is the architect's province | 
to determine, and depends upon various circumst 
such as the weight tliey have to support. The material 
used must be the beat concrete. The inferior kinds, made | 
with too httle hme or cement, crumble away, allow air to j 
paas through them, and make the bouse unwholesome, 1 
besides endangering the structure. It is important to re- J 
mark here that a honso should not be built, or even iUlJ 
foundations laid, in frosty weather, for the work will noi 
hold when a thaw sets in. 

BaMiiimt. — The covering of the ground with some imper- 
vious material ia imperative, in order that the impure air 
from the soil may be preventeil from rising into the house. 
lu the case of made soils, the covering of the ground 
should extend for some distance round the house. This 
coverijig is best made of concrete some inches thick, and 
should be used in all cases, whether there are any under- 
ground rooms or not. Such nuderground rooms or base- 
ment floor should he only used as cellars — not as living J 
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rooms — and should always be arched. The concrete floor 
may be covered with asplialte, tiles, or York paving, hot 
wooden floors should never be used below the ground level. 
The Wfllls of the house, bflow the level of the ground and 
a little above it, should be made with exceptionally good 
materials, and set in cement, so as to be as impervious as 
possible to damp. This is a matter that is very frequently 
lost sight of, and the walls below the level of the gi-ound 
are frequently made of the worst possible materials. Being 
liidden from sight, it is often considered that the beet mate' 
rials need not be used for them, It is advisable to have a 
damp-proof course in the walls all round the house, at a 
little distance above the ground level, whether the site be a 
damp one or not. This damp-proof course may be made 
of asphalts, stoueware, or slate in cement. Cement alone 
caiinot be depended on. If such a course is not placed 

Fig. 1. 




I the wall, moisture will rise up through the bricks by 
capillary attraction, and make the walls of the bouse damp, 
rendering the honse itself unwholesome. The inner sids 
y of the walla in the basement Qoor may be advantageouslx . 
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made of glazed bricks or of }iari1 black Stafiordshire bricks, 
but no covering of any kind whatever sliould be placed on 
tiiose walls. The money Bhould be spent on good con- 
Btniction, and not on covering np bad materialfi. There 
ehould be a dry area all round the walls of the hoase 
outside, starting from the concrete foimdations. Its width 
18 a matter of little importance, as it is only required to 
ensure drynesa of the walls below the level of the groimd, 
and the ventilation of the cellars In the bauement, un- 
less, indeed, the basement rooms are inhabited, in whieh 
case, at any rate, the regulations of the Public Health 
Act must be complied with. This area must have proper 
connection with the land drains to allow of the removal of 
the surface water. 

WalU. — The materials used for building these depend 
upon the locaUty. They may be bricks, stone of various 
kinds fthe choice of which must be left to the discretion of 
tho architect) or, in some parts of the country, flints. 
Bricks stand fire better than anything else, for the simple 
reason that they have been already burnt. This fact was 
remarkably shown in the great fire at Chicago, where tho 
brick houses remained comparatively intact, while the 
granite ones were utterly destroyed. In any case the 
materials shonid be set in mortar or cement, and in wet 
and exposed positions the vralts should be double or " hol- 
low" walls, as they are technically termed. Occasionally, 
in Bucb positions tlioy should even be slated on the out- 
Bide, or covered with glazed tiles. Walls are sometimeB 
made of concrete, a very ancient plan, and not 
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EB is commonly ewppOBed, The Romans frequently used 
concrete walls in thoir aqaeduet bridges and other con- 
Btmctions. The cemeot used was of extraordinary hard- 
ness, and has, I beheve, never been Burpa,8aed, even if 
equalled, in later times. It might be called the " cement 
of the Romana," as the term "Eoman cement" ia now 
oommouly apphed to a very inferior article. In making 
concrete columns, the Romans adopted the practice of in- 
serting layers of tlieJr flat bricks, which we should perhaps 
call tiles, at intervals, and they faced the surface with 
stones, generally disposed after the fashion known as opu* 
reliciilatum. This consisted iu placing small cubical blocks 
of stone against the surface of the concrete, so that tlie 
sides of the exposed faces were not vertical and horizontal, 
bnt the diagonals were, thus giving the appearance of net- 
work, or of a chess-board set up on one corner. These 
devices assisted greatly in protecting the structure from 
the weather, and from rough usage. Such walla may 
also be very weD faced with tiles of various kinds. 

Chimney flues. — These should bo as straight as possible. 
They should be separate from one another — a matter very 
often not attended to — and they are better lined with 
pipes, as these are much more easily cleaned, an up- 
draught is more readily estabhshed in them, and they 
completely disconnect the flue from the structure of the 
house, and so help to prevent destruction by fire. 

It is important that the chimneys should be higher than 
the surrounding buildings, so that the wind may pass 
freely over tliem, and that they may not he sheltered from 
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its action in any direction whatever. If this is not the caaflij 
there will be a down draught in the chimneyB when tlM I 
wind is in a certain direction, and the more tlie chinineyk I 
are sheltered by high buildings the more chances there &re I 
of down draughts in them. If necessary, an iron or zinfl 1 
pipe called a " tall-boy " may be placed on the top of the 1 
brickwork, to increase the length of the Hue. This is soma' 
times even carried up adjoining buildings, and is, t 
general rule better without a cowl of any kind on the top 1 
of it, as will be fnrther explained in the next lecture. 

Flooring. — Fire- proof floors are most desirable. They^ 
may be made of concrete or brick arches between iron I 
girders, in which case there is no space between the floor--j 
i»g of one room and the ceiling of the room below. 'When. I 
timber is u&ed, it should be dry and well -seasoned, wiUl 
sound boarding and pugging, to ensure separation between 
the rooms, aud to prevent either water leaking from the 
floor to the ceiling below, or air passing from the room 
below to that above. Good flooring evidently serves to 
protect the ceilings of the rooms below. Where there is 
space between the flooring and the ceiling, and still more 
espeoiaUy where a wooden flooring is placed over a con- 
crete or other fouudatiou laid on the ground, it is necessary 
to provide for ventilation of the space below the flooring. J 
This is usually done by placing a perforated iron gratingf J 
instead of a brick, here and there in the outer walls, baI 
that air can pass freely in or out below the floors, Yat% 
this purpose bricks with conical holes tlirough then 
B patent) would no doubt be found very useful. 
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The Roof. — This may be constructed either of lire-proof 
I inateriaJa, or of timber, and in either case may he covereil 
I with alate or tiles, or may be thatched ; copper or corru- 
I gated iron are also used, Sometimes zinc is uned ou ac- 
FiG. 2. 




Cjoioal Vi-iiUlators. 

UO Sectioa af piTWHti'd brick, (t.) Innar eurfuce. (c.) Outer nurface. 

id.) I'ecft'niisd skirting buani, 

count of its olieiipneBB, hut it is not a good mnterial, as it 
does not last long. Lead is largely used, e spec inlJy upon 
flat roofs, and it is valuable on account of its tasting pro- 
perties. Where there are eaves, it ia important that they 
should not drip on to the walls, but project, so as to throw 
the water off. Cornices and all projections should be con- 
Btriicted 60 as to tlirow off tlie rain, or it will run down the 
walls. If this is not done the ■walls will be continually 
damp and dirty. Bain water gutters may be made of lead 
OF iron. They must have a fiufficient fall, and shoot 
directly into the heada of the raiu-water pipes. They 
iBhonld be wide eaongh inside to stand in, so that the snow 
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may be clearetl ont. If thia ie not done it vill accumulate, 
blocking up the channel, and when the thaw comes the ■ 
melted snow will work its way through the tiles or elates of 
the roof, and injure the ceilings below,* Bain-water gutters 
should not be carried through the bouse from one side to 
tlie other, and especially not through bedrooms. Nor 
should tliey be carried, as is sometimes done, rouad 
tlie bouse inside the walls, and through the rooms, 
more or less disagreeable emell is frequently noticed in 
rooms Uirough which rain-water gutters pass. The r 
water pipes should also be outside the house. They should 
be of U'on, well jointed. Galvanised iron ones are prefer- 
able : thoy are only a little more expensive and last much 
longer. They should either discharge into rain-waterl 
tanks, which must be well ventilated, or on to the surfaced 
of the ground or area round the house. They should not 
be directly connected with the drains or sewers. Neither 
should they be placed with their hoppers or heads just 
below the bed-room windows, especially if they dischargt 
into a tank. 

Large and high houses, especially if standing alone, ' 
require to be provided with lightning conductors. Cop- 
per ones are better than iron, and need not be so thick. 
Tliey must be insulated from the walls of the house. 
by suitable rings of some n on -conducting material, and 
end in some moist place in the aoU. In the case of aa J 
isolated house it is also a good plan to have a weather-J 

■ Tbe remtrli a« to tha width, of gotten doci not ipplf t< 
gattera. 
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cock on the roof, and connect that with a ragisteriug 
apparatus in the hull. An anetuometer is also useful. 

Thus far about the conetructioa of the building itself. 
8 to finishing off inside. The floors should 
be Hffvereii with hoarding — oak hees-waxed being the 
or deal, stained and Tarnished, may also he used. The 
Joints are better tongued. Parquet flooring, made of teak, 
may be placed over the whole of the surface, the ob- 
ject being to ensure, as far as possible, a uniform and im- 
perviouB surface without cracks or badly made joints in 
which dust may accumulate. This is especially important. 
Either of these plans is better than the common one of 
covering the whole floor with a carpet or drugget ; when 
these are used, aborderofstained and Tarnished or polished 
boards, or of parquet flooring, should he left all round the 
room. This has tlie advantage that dust does not accnmu' 
late HO readily in the comers, which are more easily swepl 
and cleaned, and the carpet can be taken up at any time to 
be beaten witliout moving the furniture which is against the 
walls. The skirting boards of wooden floors should be lei 
into a groove in the floor. This will serTe to praTeni 
draughts coming through, and dust accumulating in the 
apertures which are iuvai-iably formed by tlie shrinking 
the joints and the skirting. Borne floors, such as those 
halls, greenhouses, &c,, are best tiled. 

}Vatl Coveriiiijg. — These, like the floors, are better made 
of impervious materials which can be washed. Tiles form 
an admirable wall covering, and are moreoTer a perman- 
ent decoration. Various kinds of plastering, with the 



UATION AND CONSTRUCTION OF HOUl 




surface paiuted, form a cliea,[i and effective vail covering, 
Piiint containing lead shonld, of eotirse, not be nsed, bnt 
the eiiicate, or the "Indestructible" paints, and zinc 
white should be used instead of white lead; it is 
equally importaut tliat tlio " dryers " used should 
not contain lead. Paper as a covering for waila 
has the die advantage that, unless varnished, it can- 
not be washed, and that the dust collects on it. For 
this reason, after a case of infectious disease, it is 
necessBjy as a general rule to strip the paper off the 
walls, whereas a painted or tiled wall can be washed. 
Many papers, too, are coloured with arsenical paints, and 
seriously affect the health of the persona living in the 
rooms, the walls of which are covered with them. For a 
considerable amount of information on this subject, I 
would refer toahttlebook which basjust appeared, entitled 
'' Our Domestic Poisons," by Mr. Henry Carr. 

Ctilivqt. — For these, plastering is in most general ubo. 
It ia better painted tliau distempered. White-washing, 
however, answers very well, and can be repeated as often 
as necessary. Paper should not be used for covering ceil- 
ings. If they are of wood it ahould bo pannelled, or the 
joints will let dust tlirougli. The wood work generally 
throughout the house should be stained and varnished, 
polished, or painted; and generally I may sum up the 
principles to be followed in finishing off the inside of a 
bouse, by saying that the materials should he, as for as 
possible, impervious, and the surface smooth and uniform, 
ftnd so disposed as to be easily cleaned, and not to coUect 
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CHAPTER II. 
Venth^tios, LiOBTtNO, and Wabiiino. 

The air in our houses is rendered impure in various 
ways but chiefly by our respiration, and by the products of 
combastion that are allowed to escape into it from lights 
and fires. The air that we expire contains a certain 
quantity of foul, or putrescent, organic matter. It is 
charged with moisture, aud cootaina about five per cent. 

a osygen and nearly five per cent, more carbonic acid 
than the air that we inspire. It is neither the diminution 
of oxygen nor the increase of carbonic acid in the air of 
rooms that is of the greatest importance to living beinge, 
but the acoamulation of foul organic matter and the excesa 
of moisture. It is this which renders such atmospheres 
stu^y, and not tlie diminution of oxygen or the increase of 
carbonic acid, which ai'e bo eUght as to be of little impor- 
taDce, even in overcrowded rooms. NeverthoIeBs, since 
the increase in cai'bonic acid is proportional to the increase 
in other impurities, and since we can estimate very accu- 
rately the amount of carbonic a^id in the air, the increase 
of carbonic acid is taken ae an index of the impurity of the 
atmosphere. The average amount of carbonic acid in the 
outer air ia four parts in ten thousand. Professor De 
Chaumont found by his experiments that, whenever the 
amount of carbonic acid in the air of a room exceeded the 
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fimouiit in the outer air by more than two parte per 10,000, J 
the ail of the room wan not fresh, that is to say, that the I 
foul organic matter in it and tho escees of moisture were I 
sufficient to make the room stuffy. Hence, two parts at'M 
carbonic acid per 10,000 of air, over an<] above that in thafl 
outer air, ore taken as the limit of respiratory impurity.! 
As a porsou breathes out, on the average, sis cubic feet of! 
curbonic acid in ten hours, it is dear that, in order tbal'l 
the air of the room ia which he is may be kept fresh, heij 
must have 30,000 cubic feet of air in the 10 hours, o*J 
8,000 per hour. la this chmate we cannot change the airV 
of a room more than three or four times per hour without I 
causing draught, and so each portion ought to have front I 
a thousand to 7oO cubic feet of space, the air of whidll 
should be changed three or four times per hour respeo^l 
tively. The way in which this space ia arranged i: 
a matter of some importance. For instance, the air abovel 
a certain height is of httle use for purposca of vontilatioal 
if combined witlt too small a floor space. To take a 
treme case — a man Btatiding on a square foot of ground,! 
with walls 3,000 feet high all round him, would be i 
3,000 cubic feet of space ; but it is quito obvious that hsfl 
could not hve in it. But, even without any enclosure at^ 
all, and without any limit as to height, it is not difficult 
to conceive a place overcrowded. For iuBtance, all the 
inhabitants in the world, men, women, and children, 
could stand upon the Isle of Wight ; but it ia quite i 
tain that they could not live there, even if it were only for 
the wont of air, So it is usual, in estimating cubic space, I 
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to disregard the height above twelve feet. It ia aUo 
obviously of importance that the floor space should be 
properly distributed ; but, about this, bo far as dwelling- 
I are coucorued, there is no need to enter into 
particulars. We are not able to inaiet on anything like 
1,000 or 7fiO cubic feet of space in all instances, and 
amounts varying down to as low as 800 cubic feet per in- 
dividual are adopted. In the case of a family Uving in 
one room, which is bo small as to afford Ices than 800 
cubic feet per individual, it is nsual to consider that the 
limit of overcrowding which ebould be allowed by law baa 
been reached. We cannot have, as a general rule, rooms 
BO large that the air does not require changing while we 
are in them. Thus, for instance a person in a bedroom 
for seven hours consecutively requires about 21,000 cubic 
feet of air if the atmosphere is to be kept fresh. Suppos- 
ing him to have this without change of air, he would re- 
quire a room, say, 70 feet long by 30 wide and 10 high, 
This makes it quite clear that in rooms such as we have 
there must be a change of air. 

In studying ventilation from a practical point of view, 
' the chief agents that we have to consider are the winds, 
and movements produced in tlio air by variations in its 
density, usually broiight about by variations in its tem- 
perature ; the property of the diffusion of gases by means 
I of which the air is brought to a uniform composition when 
I the temperature is the same throughout, being one wliich, 
practically speaking, does not affect the question much. 
With artihcial methods of ventilation, in which the air U 



VENTILATION, LIGHTING, AND WARMING. 



forced in a certain diroctJon by macliinery, we Lave little t9.l 
ilo, as few of them ore suitable for use iii dwelliug-liouses. 
The wind, as an agent of ventilation, 16 powerful, but its 
disadvantage is that its action is irregular. -When all 
windows and doora can be opened, a current of air which 
may be imperceptible is quite auflicieut to change the air 
of a house in a very sliort time, and houses that have win- 
dows on both sides are for this reason much more healthy 
than houses built back to back, which can never have 
through ventilation. This is the direct action of the wind, 
which may generally be utiHsed in large rooms with win- 
dows on opposite sides, like schooh-ooms, by opening that 
which is nearest to the direction from which the wind 
comes, a little way at the top, and also opening at the top 
tlie one which ia diagouiilly opposite to it, a httle further 
than the first one. The direct action of tlie wind has also 
been utihsod for ventilating large houses by Silvester's 
plaji, which consists in having a large cowl that always 
(aces the wind, at the top of a pipe leadiug down into cel- 
lars in the basement of the house, where tlie air can be 
wormed by titovcs, and ullowcd to asceud into the house. 
By this plan the holds of sliips are frequently ventilated. 
But the aspirating action of the wind is also of the greatest 
iinportaitce. 'WTieu the wind blows over the top of a 
chimney, or over a ventilating pipe, it causes a diminu- 
tion of pressure in the column of air in the chimney or 
ventilator, and so produces an up-current, upon precisely 
the same principle that little hotlles made for distributing 
Bcent about apartments act. For this reasou, it is, as was 



I 



VENTILATION, LIGHTING, AND WAKMING. ig 

ointed in tbe last chapter, importfint that chimneys Bhould 
hi(,'her than the surrounding buildiugs, eo that auy 
wind that blows may cause or increaso an iip-draught in 
I. In thia way not only ia amoke prevented from 
deBcending into the rooms, but the amount of air car- 
tied from the rooms up the chimneyB ia increased, and 
the ventilation of the house improved. There being, 
then, in every house, and frequently in every room, a 
shaft — whether sufficient or not, we will consider by-aud- 
bye— for the escape of air, it becomes of tlie firet import- 
ance for ua to consider the means by which air may be ad- 
mitted into our houses and iuto our rooms. In summer, 
and whenever the air is as warm outside the house as in- 
Bide of it, there is no difficulty about this. We have only 
to open the windows — wind-doors, remembering the pro- 
Terb that " Windows were made to open and doors to 
ehut " — on both sidesof the house, and the air is generally 
changed fast enough, but it is in winter, when the air ia 
colder outside the house than inside, that the dJi&uulties 
arise, and so in speaking of ventilation I shall always 
assume that the air outside the house is colder, and there- 
fore heavier, and exercises greater pressure than the air 
inside it. This being the case, it follows that if we open a 
window, or make an aperture tlirough a wall into the 
outer air, or through the wall of a room into a passage or 
staircase, in which the aii- is colder than it ia in the room, 
air will come in. In fact, a room under these conditions 
may be looked upon as if it had water outside of it, and it 
is quite apparent that, in such a case, if you bored. «. W^Xa 
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ubrongh the wall into the water on tlie other f 
would come iii, and the air of the room wonld escape by 
the chimney. This is precisely wliat happens with the 
cold air outside. If no special opening is provided through 
which the cold air can come into ft room, it enters by such 
openings as there are; by the apertures between the sashes 
of the windows, by the — perhaps fortunately — badly-fitting 
doors, crevices in the floors, walla, and cupboards, through 
the walls themselves, as has been shown by Pettenkofer, 
and sometimes down the chimney. If, then, air will come 
ill through an aperture placed in any position, it becomes 
necessary to consider where apertnres should be placed, 
and what precautions are necessary with regard to them. 
Theoretically, the admission of pure air should be at the 
lowest part of the room, and the extraction of the vitiated 
air, which is warm, at the upper part of the room ; but 
practically the outer air cannot be admitted at the lower 
part of the room by mere apertures witljout certain pre- 
cautions, as everybody knows who has been accustomed to 
sit in a room where a draught comes under the door. On 
the other hand, if an aperture is made into the outer air 
through a wall at a few feet from tlie floor, the air enters 
in a cold straight current for some distance into the room. 
If the aperture be higher up, it comes in and falls, just us 
water would do, on to people's heads, somewhere about tlie 
middle of the room. 60 it is quite clear that certain pre- 
cautions are necessary in the admission of air so as to pre- 
vent draughts. Since we have, or onght to have, windows 
in all rooms, U will be convenient to consider first, the 



VENTILATION, LIGHTING, AND WARMING. 21 



way a ii 



Q which they may be utUised for the admisaion ol 
air. Wq cuunot Bimply opon a Gash window ut the top or 
or bottom in cold weather without feeliug a draught, but 
there are eeveral ways in which tliis diSiculty may be got 
over. The simpleHt is by placing a board of wood under- 
neath the lower aash, as suggested by Dr. HinckeB Bird, 
whose original model is iu the Parkea' Museum, This 
board is sometimes dow made with a hiage in the middle, 
Fio. I 




PUd of "CosUflM Ventillation." 

BO that it can he got in and out more easily ; or instead of 
being placed under the lower sash, it may be placed across 
from side to side, in front of the \o-wftx 'gwA. «S. 'iia ^s™«< 
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Bash, so that thie inaj be opened to a certain height with- 
out any air coming in below it. Theee boards may ba j 
covered with green baize, or some other suitable material, j 
BO as more perfectly to prevent the entrance of the air at j 
the lower part of the window. In either case, the bars of J 
the Bashes at the middle of the window ore no longer in I 
contact, and air comes iu at tlie middle of the window, be- 
tween the two sashos, taking an upward direction, in tho 1 
form of a fountain, and producing no draught. This ! 
shows us the direction iu which cold air ought to be ai 
mitted into a room — after the fasliion of a fountain, i 
which it can be readily obtained owing to its greater plea- 
sure, and not after the fashion of a. waterfiUl. 

This simple plan, which I recommend very strongly for 
adoption, has two disadvantages, ouc that nervous people 
always fancy there is a draught if they see auytliing hJ<c a 
window open, and the other a much more practical one, 
but one that is common to most forma of ventilation that 
are inexpensive — ^that a certain quantity of dust enters. 
These conditions are, to a certain extent, got over by tlie 
plan suggested by several invcutora— of boring liolea 
through, or cutting pieces out of the lower bar of the upper 
sash. Such holes are not seen ; and the air comes tlurough 
thorn in a vertical direction into the room. Tlicy can also 
be fitted with little boxes containing cotton-wool, through 
which the air will be filtei'ed and deprived of soot, &c. 
ThiSjOf course, very considei-alily diraiiiishes the amount 
of air Uiat enters, and the cutting also weakens the frame- 
work of the window. I may here mention Cumill'B ■ 
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window ventilator, ivhich conBtBte of a metal plate fastened 
aloug the lower bar of tbe lower fla(;1i, and paj-allel to it, 
with an opening tlirmigh tbe sftsh-bar for the admisBion of 
air, which is tbuB deflected into a vertical directioa by the 

Fiff. 4. 

OurraU Vontilator (m fixed to Window). 

metal bar. Here will also be a convenient place to mtu- 
tioo the automatic sasli fastener patented by MesBrs, 
Tonks and Sons, by means of wliicb the window ie secorely 
fastened when opened to tbe extent of three or four inches, 
either at tlie top or bottom, so that tlie window can be left 
open without anyone outside being able to open it further. 
This can also, obviously, be combined with the window 
block placed underneath tlio lower sash, bo that air can be 
admitted in the proper direction, and the window still be 
securely fastened. 

Louvred ventilators may also be used in a variety of 
ways in connection with windows. Where tliere are 
Venetian blinds, it is only nece fsary to open the top sash, 
puU the Venetian blind down in front of the opening, and 
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place tlie louvreG so that they glvo the entering air an iip- 
'ward direction. Glass louvres fixed in a metal franiGWork 
may also be need, a pane of the window being taken out 
and one of tbcse ventilators aubi^tituted for it. The 
louvres can be opened and shut by means of a string, and 
they are ao fiseil that it is imposaihle to break them by do- 
ing BO. They are generally fixed instead of one of the top 
panes of the upper eash. It is better to place them tower 
down in the upper sash ; and this is true of all inlets for 
air. If they are too high up, the all being admitted in 
upward direction, impinges against the ceiling, rebounds 
into the room, and produces a draught. The metal frame- 
work of these ventilators requires oiling and attending to, 
or it will get rusty. In some places fised louvres of wood, 
or still better, of strong glass, are employed with advan- 
tage, or swinging windows with Bashes hung on centres 
may be used, as, for example, in water-closets ; and these, 
where it is adnsahle, may be prevented irom being closed 
by means of a small wedge of wood screwed to the frame- 
work. The blind so often placed across tlio lower part of 
a window may also advantageously be used as a ventilator, 
or, where no blind is required, a glass one may be used, 
this being made to swing forward on its lower edge, so as 
to give the entering air an upward direction when the 
lower sash is opened, as in a model presented by MeGsrs, 
Howard to the Parkes Museum. Wliere very large 
quantities of air require to be admitted, one or more 
sashes of a window may be made to swing forwards 
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Booms. Near to all windows, in the cold waatlier, tlia 
air of the room is colder thoJi at other parts of the room. 
This may be obviated, when considered advisable, by the 
employment of double windows, the layer of air between tlie 
two wiudowa preventing, to a very considerable extent, the 
cooling of the air inside the room. It is not advisable to 
have double panes of glass in the same sasb, as the mois- 
ture between tbem will render them more or less opaque Jn 
certain states of the weather. With double windows, air 
may be admitted by opening the outer one at the bottom 
and the inner one at the top. Where French caaemeni win- 
dows, are used, as they sometimes are unadvisedly in this 
climate, ventilation may be provided by having a louvred 
opening above the casements of tlie window, or by making 
a glass pane, or panes, capable of being swung forward on 
the lower edge. Lastly, Cooper's ventilator is largely used 
for windows, and also in the glass panes over street doors. 
It consists of a circular disc of glass, with five or more holes 
in it, placed iu front of a pane of glass with as many similar 
holes, and working on an ivory pivot at its centre. It can 
be moved so tliat the holes in it are opposite to those in the 
window pane, when air will, of courBe, come in ; or, so 
that they are opposite to tho places between the holes in 
the pane, when the air will be prevented from entering. 
It is obvious that the air is not admitted iu an upward 
direction, but the disadvantage of this is partly counter- 
balanced by the fact that it is admitted in several small 
streams, and not in oue large one, so that there is less 
probability of a draught. 
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The air may oIbd be admitted through apeiturea mac 
in the walla or doors. The simplest way to do this is torfl 
malie a hole through the wall, and fasten a piece of hoc 
in front of il in a sloping manner, so as to give the air 
upward direction. It ia bettor to put " cheeks," as they J 
are caUed, on the sides, for they serve not only to attaoh J 
the sloping hoard to tlio wall, hut to prevent the air from J 
fulling out sideways into the room. This ventilator ma]F^ 
be hidden by hanging a picture in front of it, and will I 
cause no draught. I may atate here that it is better, iu a 
lai'ge room, to have two or more small ventilators of any 
kind whatever, than one large one, and that no single inlet 
opening should be larger than a square foot. Opeuinge of 
half that size are preferable. It ia calculated that there 
should be 24 square inches of opening per heatl, bo that 
a square foot would be sufficient for six persons. In Bucb 
an opening as has been described, wooden or glass louvres 
may be placed. The same end may be attained by mak- 
ing one of the upper panels of a door to open forwards 
with hinges to a certain liistuuce ; or even, in some in- 
stancea, by fixing it iu this position, An ohviona diaad- 
vantagB, and one which alwaya has to be considered in 
making openings through walls and doors, is that conver- 
sation which goes on in "the room can be beard in thfr ■ 
passage outside. Sherringham's valve is a modification of 
this plan, andean be fitted either into an outer wall or 
into one between the room and the papsage or hall. It 
consists of a metal box to fit into the hole in the wall, with 
% heavy metal flap, which can swing forwards, and is ex-] 
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(ictly balanced by a weight at the end of a string paBsing 

over a pulley, the weight acting as a handle, by meane of 

wliieli the ventilator can be opened or ehut or kept at any 

Fio. 5. 




desired position. What has been said before applies to 
theso ventilatorB. They should not be placed too near the 

Fir r; 




ceiling, and this is the mistake that is generally made in 
fixiog them. Btevene' dr&'net '«eQ\ii\aitfit -ms.-^ '^Ra>| 
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mcntioiied here. The name almost deBcribes it. It re- 
Gembles a drawer, n-hich is pulled out of the wall for a . 
certain distance, and allows air to come into the room 
vertically in several streams between metal plates placed 
iiiKide the drawer. Jeaninga'a " Inlet," ivhiuh is in ' 
in the barracks, consists of au opening through an outer 
wall, into a chamber in which dust, &c., is deposited, aud 
thenoo between louvres into the room. Here I may men- 
tion that it is sometimes advised to place perforated zino 
or wire gauze outBide the estrauce of the vcutilators, so aa 
to prevent duat, ifec., coming into the room. This is not 
advisable, as the apertures get clogged up, and the en- 
trance of air is much impeded. It is better to have an 
iron grating which will prevent birds entering, and to em- 




ploy other methods for preventing the entrance of dust, 
»opt, &c. Where this is considered nocesaary, the plan of 
g air through cotton wool, which must be trequently 
ma^ be adopted. Currall's ventilator for ad- 
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mitting air through the door is Bometimes nseful. It re- 
sembles his window ventilator almost exactly; a long 
slit is cut through the door, a perforated metal plate 

Fig. 8. 
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Verucai Tube YentUator. 

placed outside and a flat plate fixed parallel to the 
door inside and in front of the slit, thus giving the 
air as it comes into the room an upward direction. 
An admirable plan for the adxm&^\oxL oi ^ \£^^^ x^^\s^ 
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is by means of Tertical tubes — an old system, but 
one which has been brought into prominence of late years 
by Ml'. Tobin. A horizontal aperture U made through the 
wall isto the outer air just above the floor, and then a 
vertical pipe carried against the wiili to a height of from 
five to sis feet. The cold air is thus made to ascend like 
a fountain into the room. It does so in a compnct column, 
which only perceptibly spreads after it lias got some 
height above the mouth of the tube. It then mixes with 
the warm air at the top of tlie room, producing no draught 
at all. In spite of the vertical height through which the 
air has to pass before it emerges into the room, a consider- 
able amount of tioot and dust of various Idnds is brought 
in by it. This may be obviated by placing a little cotioii 
wool in the interior of the tube. This, however, although 
II very efficient plan, has the serious disadvantage of iui- 
FiQ. H. 




Water Trsi for Verlioal Tuba VeatiUtoc. 

pediug the current of air. A better one la that in which 
a tray containing water is placed in the horizontal apertm-e 
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in the wall, the enteiing air being deflected on to the sur- 
face of tlie water by metal plates. The greitter part of the 
dust is thus arrested bj the water, which can bo chiiuged 
aa often as neoeasary. In warm weather ice may be 
placed in tlie tray. Another plan is to place in tlie vertical 
tube a long muslin bag with the pointed end downwards, 
and kept in shape by wire rings. This proviilee a large fil- 
tering area, and offers very httle resistance to the passage 
of air. The bag may be taken oat and cleansed frum time 
to time. 

Several contrivances have been devised for the admis- 
sion of ait close to the floor, just behind a perforated skirt- 
ing board. Among these are Ellison's conical ventilator, 
mentioned in the last chapter, and Stevens' skirting board 
ventilator, in which metal cups are placed in front of the 
inlet openings, and so distribute the air tliat no draught is 
felt. I think however, that it is advisable only to admit 
warmed air at a low luvel into roomii, but there is no rea- 
son why such openings should not be made high up in the 
rooms — behind cornices, for example. Prichett's paving, 
made of agricultural pipes, may also be used for making 
walls and partitions, aud is obviously applicable for ventil- 
ating purposes, whether used as inlet or outlet. 

We DOW come to speak of exit shafts and valves. The 
first aud most important of these is the chimney, about 
which I have already spoken, I need only add hero that 
it is advisable to do without the use of cowls upon chim- 
neys wherever it is possible. If the chimney can be made 
high enough it will not require a cowl, and if it cannot, a 
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Bimple conical cap is genernlly suflacient to prevent down 
draughts, There is no doubt, however, that several fixed 
chimney cowls for preventing down drauglite not only do 
SO, but produce an up draught in the cliimney when the 
wind blows down upon it, as can be readily eliown by an 
experiment with a model. A small piece of woo] is made 
to aecend in a glass tube by blowing vertically down upon 
Uie fixed model cowl placed upon the top of it. Of re- 
vulving cowls for chimneys, the common lobster-backed 
Fio. 10. 




Filed towl. 

cowl is proliably the best. Of the many cowls wliioh have 
bcip invented with the object of increasing tlie up draught 
a exit diafts of various kinds, some are fixed, as Boyle' 
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Bnchan'B, Stevecs's and Lloyd's, and some revolving, as 
Scott, Adie and Go's., Howartb'e, Stidder's, Banner's, and 




KolBtinB Cowl. 



tli6 one invented by Mr. Boyle, bat discarded by him 8omo 
years ago. Whetber any of tbeue cowls increase the np 
current in exit ebafte is a matter which is still under in- 
vestigation, but it is easy to ebow that tbe common rougb 
esperiment, by means of which tbey are supposed to do so, 
is entirely fallacious. Cotton wool is drawn up a tube at 
least as easily by blowing across it in a slanting direction 
as by blowing through a cowl placed on tbe top of it. The 
fixed cowls have tbe advantage that tbey cannot get out of 
order. Tbe revolvinc cowla have tbe disadvantage which 
is common to all apparatus with moving parts, tliat they 
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are certain to get ont of onler some day or other. WbetJier 
they increaee up draughts or sot, there ia no doubt tliat 
most o( them prevent down draughts, and, like any otlier 
cofer, prevent the entrance of rain. 

Openings are BometimeB made high up in the room into 
the chimney flue and protected by valvee, tlio beat known 
of which is Amotfs valve, which consiats of a hght metal 
flap, swinging inside a metal framework in such a way 



I 




that it can open towards the chimney flue, but not to- 
wards the room. Any pressure of air from the room to- 
wards the flue will, therefore, open it and allow the air to 
escape from the room into the flue. Pressure of air the 
other way will shut it. The disadvantages of this ventilator 
are that it makes an irregular noise, although this has 
beeu, to a considerahle extent, obviated by the india- 
rubber padding with which it is now fitted. It also occa- 
sionally admits a h.ttle soot, and, of course, air at the 
same time, from the flue into the room. Boyle's exit 
ventilator, made by Messrs. Comyn, Cliing and Co., is a 
modification of this. Instead of the liglit metal flaps, 
there are a number of small talc flaps. These make Uttie 
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noUe nnleas there ia mucli wind, when thej flap to and 
fro noiaily, bat titay are liable to be opened by a current 
of air iu the chimney. It ia obvioualj, it aeems to me, at 
variance with sound sanitary principiea to make openings 
from the interior of rooms iato the chimney flues, and 
■then to trust to valves for preventing the air of the flue 
from coming iu. A far better plan is to have ehafta 
placed by the side of the flues, and this, of course, is better 
done when the houses are built. The easiest and most 
Batisfactory way of doing it, ia by means of air and smoke 
fluea combined, in which the air flues are moulded In the 
same piece of fireclay as the smoke flue iteelf. These air 
flues can be connected with the upper parte of the rooms, 
and up draughts will be inevitably caused, as the air in 
them will be considerably heated on account of its imme- 
diate contact with the outer side of the flue. Such shafts 
often become inlets when the flues are cold, and so it is 
advisable to use them especially with flues that are always 
hot — as, for instance, that of the kitchen chimney — and it 
ia desirable, wherever it cau be done, to connect the kitchen 
with ft different air-shaft from the other rooms or it is pos- 
sible that air from the kitchen, may get into some of the 
other rooms of the bouse. Another eiit ventilator is 
Kite's, in which there is no valve, but the shape of the 
air passage is reUed on to prevent back draught. 

Of exit ventilators not connected with the chimney flues, 
I may mention Mackinneil's, which also provides an inlet 
for air as well, and which is very useful in little rooms, 
closets, kc, havuig no rooms over them. It consists at 
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two tubee, one inside the other, passing through the ceiling 
into the outer air. The inner one is longer than the out«r ■ 
one, and projects ahove it ontaide, and'below it an inch or I 
so into t!ie roo'ni. At its lower end, a circular rim ia \ 
attached horizontally, parallel to the ceiling. The oi 
air enters between these two tubes, and is deflected by the 
rim just mentioned along the ceiling, bo that it does not 
fall straight into the room. The vitiated hot air passes ont 
by the inner tube, tJie action of which is, of course, c 
Biderably increased if a gas burner or other light be placed 
beneath it. It ia upon this principle that the lamps for 
hghting railway carriages are made, the reflector answering 
the purpose of the rim round the end of the inner tube, and 
the air to supply the lamp coming in between the reflector 
and the glaua shade, while the products of combustion 
escape through the pipe leading from the middle of the 
reDcctor, and immediately over the flame. Of course 
Mackinnell'a ventilator requires a cover to keep out the 
rain, and it is necessary, in fact, to have a double cover, go 
that the heated air which escapes by the inner tube shall 
not be carried back into the room by tlie entering air. 
Tosaell's veutUator is a variety of this, with a cover by 
means of which the action of the wind is taken advantage 
of. 

This brings ub naturally to Bay a little about lighting. 
Candles, lamps, and gas help to render the air impure. It 
is calculated that two sperm candles, or one good oil lamp, 
render the air about as impure ae one man does, whereas 
one gas burner will consume as much oxygen and give out 
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as much carbonic acid ae five or eix men, or even mon 
This is why it ia commonly oonaidered that gas is more ii 
juriouB than lamps or caudles, and bo it is when tlie quan- 
tities of light are not compared, but with the same quantity 
of Ggbt, gae renders tlie air of a room less impure than 
eitlier lamps or candles. If. in the dining room, instead ' 
of using five or sis gas buruGrs, as we too often do without 
any provision for the escape of the products of combustion, 
we used 40 or 50 sperm candles instead of 6 or 8, we 
should have a fau-er comparison between gaa and candles. 
I have DO time to enter into a discussion of the relative 
merits of various kinds of caudles and lamps, but with rn- 
gard to ga^ I would say that, considering the fact I have 
just stated, it ia always advisable to provide a means of 
escape for the products of combustion immediately over 
the gaa burners. By this, not only may these products be 
carried away, but, with a little contrivance, heiitcd air may 
be drawn out of tlie room at the same time, and so an 
efficient exit shnft provided, in addition to the one found 
already in the chimney. Very simple contrivances will 
answer this purpose, A pipe, with a funnel-shaped end, , 
starting from over the gas burner, and carried straight out 
into the open air, is all that ia required in some instances, 
as in badly placed closets (an air inlet being provided). 
For large roomn, the sunlight ventilators are found to 
answer admirably. They should be provided with a glass 
shade, placed below them to intercept the glare, and to cut 
off a large portion of the heat. An elegant contrivance ] 
for dwelling- rooms ia Benham's ventilating globe light. 1 
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In thia, the products of combustion of tlie gas paes along 
a pipe placed between the ceiling and the floor of the 
room above, into one of the flues. This pipe is snrrounded 
by another opening through the ceiling of the room at one 
end, and into the Sue at the other, and guarded at its 
entrance to the flue by a valve which can be easily shut 
when the gas is not burning. This double tube, as it 
passes under the floor of the room above, is covered with a 
fire-proof material, so that the floor is not affected by it. 
The joists, where they are notched, have iron bearers put 
across to support the floor boards above. Air is admitted 
by another pipe passing through the wall of the house into 
the external air, and ending also ia the ceiling of the room 
by openings around those of the exit shaft. Thus warm 
air is introduced into the room at the same time that 
vitiated air from the upper part of the room, and also the 
products of combustion of the gas, are cEirried ont of it into 
tlie chimney flue. 

I may say a few words about some grates aud stoves 
that have been deviseil with the view of combining ventila- 
tion and heating. The first of these is Captain Douglas 
Galton's grate, in which there is on air-chamber placed 
around the flue, and communicating on one side with the 
external air, aud on the other with the atmosphere of the 
room by various apertures. The outer air which passes 
into this chamber is warmed by contact with the heated 
flue, and issues into the room, thus supplying the room 
with warmed air, and utiHsing a considerable quantity of 
the heat that would otherwise be lost. There are several 
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other gratea, such as tlio Manchester school grate, madd 1 

upDQ this principle, with TariatiooB in the arrangement of I 

the inlet apertures, which are placet! Terticalty like Tobin'a I 

Fig. 14 
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tubes. It is important in all these coiitriTauces, where! 
the outer air passes through a chamber in which the back ■ 

of the grate and the commencement of the flue are placed) 
that the back of the grate and Sue in that chamber should be 
castinonopioceofmetal, sottH tohavenojoint. If there are 
jointB thi?y will after a time become defective, and air from 
the flue 13 liable to escape into the chamber round it and bo 
brought back into the room by the entering air. The back 
of the grate Ehonid also be lined with firc-cln.y. Some alow 
combu6tion stoves, as George's '■ Calorigen," and Dr. 
Bond's " Euthermic" Stoves, have pipes passing through 
them, to admit warmed external air into the room. Iron 
slow combustion stoves dry the air too mnch, and unless 
they are lineii with fire-clay, are apt to become too hot, 
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and to cause an nnpleasant smell in the room by the 
charring of the orgaaic matter in the air. They are 
much more suitable for warmiug large buildings, where 
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A. Interior of room. 
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economy of fuel Is an important object, than they are for 
use in sitting-rooms or oHices. It is usual to place a vesael 
of water on the top of these with the view of obviating, 
as far as possible, the (Uyuess of the air they produce. 
It must he borne in mind that closed slow combustion 
stoves do not act as veutilators, as the aii to supply the fuel 
— usually coke — is brought by a pijio from the outside, and 
this is another reason why they are not so advantageous 
as an open fire or a quick combustion stove in dwelling- 
rooms. In the Thermhydric grate of Mr. Baxon Snell, a 
email boiler is placed behind the grate, and com.\3iiW£ahj^ 



with B Beries of iron pipes alongside of it. TheHo are filled* | 
with wnter, which is of course kept warm, nnd air is ad- 
mitted to the rooDi between these hot water pipes. Thua, ] 
Fio. 16. 



it ie neither dried nor heated too much. The products of 
combustion are carried away hy a flue, which may bo 
placed under the floor ; so that the grates, if required, maj 
stand in the middle or in any other part of the room. 

Oaa staves are gradually becoming largely used instead 
of coal, nnd when proper provision is made for the escape 
of tlie products of combustion, they are certainly very con- 
venient and cleanly contrivances. I have no doubt that 
this will, in the end, be found to be the proper use for gas, 



1 
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and tliat we shall cease entirely, or almost entirely, to use 
coal in our houeee. By using coal in the nay that ve do, 
we lose all the valuable bye-products — tlie ammonia, the 
tar, the carbolic acid, the anilJiiQ dyes, &c., which are derived 



1 




may be burned either 
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mixed with air or not. lu the first iuBtance, a. gaa stove 
or grate filled with pumice -stone or asbestos doea not , 
much resemble au ordinary fire, liut if the gas be bnmeS I 
unmixed with air it ia almost impossible to tell the differ- 
enoe. Generally speaking, it ia found necessary, when] 
there are several gas stoves in a house, to have a special I 
supply of gas with larger pipes for them. What the gas I 
companies should do is to lend gas atovea of various kindfl, , 
especially oooking stoves, to their customers for & small J 
annual payment, aa is done very HucceBsfiUly in some con- 
tinental cities. It ia important that gas cooking stoves 
should not give an unpleasant smell of unburut gas &b 
some do. This is not only a waate but a nuisance, as coal ] 
gaa always contains carbonic oxide (au extremely poison- 
ous anbstance), and should, therefore, not be allowed ta t 
escape into the air, even in the smallcat quantity. 

I have now to mention an artificial system of ventilation 1 
which has been lately introduced by Mesara. Verity Bros. 
It consists essentially of a fly-wheel fitted with fana or 
vanes. The wheel ia made to revolve by a jot of water 
directed against it, and supphed h'om a ciatern overhead, 
the water passing off by a pipe into a cistern below. The [ 
apparatus can be fixed either in an inlet opening, and si 
made to propel air into the apartment through an aperture j 
in the wall placed higher than people 'a heads, and in a 1 
slanting direction, so that tUe entering air is shot upwards J 
towards the centre of the room ; or it can be used as an I 
extractor, by placing it in an exit shaft, and causing it to 1 
draw the vitiated air out. The supply of water cai 
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regulated by taps to the greatest sicety, so that the wheel 
can be made to revolve at whatever speed ia desirable. 
The entrance pipes are aometinies fitted with a vertical 
tube containing a bos, in which ice can be placed, or a 
holder for perfume, or any deodorant. For smoking rooms 
it is found advisable to use the apparntae an an extractor 
only, and to allow the air to come in by means of Tobin's 
tubes, and this will probably be found to be the best plan 
generaUy. 

Dwelling- houses are seldom warmed and ventilated by 
means of hot-water apparatus, and so I do not think it 
necessary to enter into a description of the plans by which 
this may be effected. I need only mention Mr. Prichett'a 
'■miniature hot water apparatus," if I may so call it, by 
means of which a single roona may be warmed and ven- 
tilated. The water starts from a small boiler, of the size 
of an ordinary kettle, which may be placed on a fire any- 
where, or heated by a spirit lamp, and passes through a, 
narrow space between double cylinders, the innor cylinders 
being used for the admission of fresh air, which is warmed 
in passing through them, or for the extraction of foul air. 
The water is made to pass through the esti'action cylinders 
first, while it is hottest, and tlien tliroujjb the others and 
back to the boiler. The cylinders are placed vertically, so 
that the air is admitted into the room in the proper 
direction. Other systems of artificial ventilation are 
suited for large public buildings, but are not adapted for 
nse in dwelling-honses. 
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CHAPTER III. 

"Wateb Supply. 



For the purpose of these lectures we must aaanme u 
is uecesaury to have a. supply of water, that ia fit to drink, 
sufficient for all UBea. The obvious characters of a good 
drinkiag water are that It ia clear, traDspareut aud colour- : 
leea, without taste (that is to say, neither salt nor sweet) 
and without smell ; that it has no suspended particles in J 
it, and prodacea no deposit on staudmg, and that it is j 
aerated ; but a water may poaseaa all these characteristics ' 
and yet be unfit to drink, by reason of dissolved matters 
which cannot be detected except by chemical analysis 
the existence of which may often be auspeoted through a 
knowledge of the history of the water. Waters ai'e com- 
monly divided into hard waters and soft waters. Hard 
waters are those which contain a considerable quantity of 
mineral salta, eapecially salts of lime, in eohition ; soft 
waters, those which contain much smaller quantities of 
these substances. Very bard waters are unfit for domestJo 
purposes. A deposit of mineral matters takes plac 
supply pipes, Ac, and they get blocked up. Such very 
hard waters, too, are not more desirable for drinldng than 
for domestic purposes generally. Moderately hard waters 
appear to bo aa wholesome as soft waters for drinldng pur- 
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poses. Tbe Begistrar- General has ebown that the death- 
rate in towas Bupplied with moderately hard water, does 
not differ Bensibly from that of a series of towns Bupplied 
with soft water, bnt in other respects similar in their soni- 
tai7 arrangemontB. Nevertheless animals iu tbelr natural 
state prefer soft water to hard, and those who have the 
care of horses always give them soft water to drink if pos- 
Bible. An undoubted disadTantage that attends the use of 
hard water for domestic purposes consistB in the enormous 
waste of soap that it entails. In order to wash with soap 
it is necessary to produce a lather. Now, the mineral salts 
in hard water decompose the soap, and form insoluble 
compounds, so that solution of the soap iu water which 
will form a lather, does not take place until the lime, ic, 
in the watex has been deposited as insoluble lime-soap, &q. 
Thus the more salts of lime and other mineral matters 
present in the water, the more Boap is waeted before the 
formation of a lather. This can be easily illustrated by a 
eimple experiment. If we take a sample of distilled water, 
which contains no mineral matters in solution, and add a 
small quantity of an alcohohc solution of aoap to it— when 
we shake the bottle in which it is, a lather is immediately 
produced and remains for some time ; but when we take 
the same quantity of a sample of hard water, and add the 
Boap solution to It, we find that it requires, say ten or 
twenty times as much of the solution to form a lather. 
Spft water then, on the whole, must be preferred to hard 
for domestic purposes, and when the water is very hard it 
ought to be softened before being distributed. This may 
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be done by Clark's proccBB, -which consists in adding milk "^ 
of lime to the water as long as a precipitate is formed. 
The rationale of this is thnt most of the hard waters con- 
tain oonsiderahle qnautities of carbounte of lime, which are 
held in solution in the water hy meuus of free carbonic 
acid. The lime added as milk of lime combines with the 
&ee carbonic acid, fomiing more carbonate of lime, which, 
together with the e&rhonate previotisly in solution, is de- 
posited, being almost entirely insoluble in water. As it ia 
deposited, it carries down with it any suspended matters 
that may be in the water, and so leaves the water clearer 
and purer. A practical difficulty in the cai-rying out of 
this process, arising from tlie length of time required for 
the precipitate to subside, has been overcome by a process 
of filtration devised by Mr. Porter, and known as the 
" Porter-Clark process." Another plan for accomphshing 
the same result is Atkins's procesw, in which the water, 
after the addition of the lime, is made to pass through can- 
vas strainers, which do not allow the carbonate of lime to 
pass through them ; it adheres to their outer surfaces and 
can he removed from time to time by means of revolving 
brushes. Water after being distrihatod may be softened 
to a coiisideriihle extent on a small scale by boiling, when 
the carbonic acid gas is given ofT, and the carbonate of 
lime deposited. It is this which causes the incrustation of 
boilers. The boiling also helps to purify the water in 
otlier ways, and it is a very good plan to use boiled water, 
either when the water is very hard, or when tltere is any 
•a of impurity, both for drinking and for domestio 
I generally. It may be aerated hy aJlowing it to 1 
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iall from a height from one vessGl iato another. Tlje 
average qnantity of water required in a community is gen- 
erally put down at from 80 to M gaUoDS per head daily. 
Of these, from 20 to 25 are required for household pur- 
poses (including waste) where baths and water-closets 
have to be supplied, aad ten or more are necessary for 
urashing the streets, for flushuig the sewers, and for trade 
purposes. 

The important sources of water are:-— (1.) Rain col- 
lected directly. This is of course very soft water, and in 
country places very pure. In towns it ia rendered impare 
by the substances that it washes out of the air, and must 
be filtered before it ia used, but it is everywhere an im- 
portant and valuable source of soft water which Is far too 
much neglected. It ought to be collected and used for 
domestic purposes, and wherever there is any suspicion as 
to the qufthty of the water supplied from other sources, 
rain-water should {especially in the countrj-) be used for 
drinking. It may be filtered tlirough sand, gravel, or 
charcoal by meana of very simple contrivances. 

(2.) Water is often obtamed from shallow wells, dug in 
the soil down to a little below the level of the subsoil water. 
These, of course, drain the soil around for a greater or less 
distance, and the water in them frequently becomes con- 
taminated by foul matters from leaky sewers, cesspools, 
4c,, especially in pervious soils. Persons should therefore 
always be suspicious of the quality of water derived from 
shallow wells, for irequently, even when bright and spark- 
ling, it is highly contaminated. 





(8.) E^riuga aai unD itraaiu ate often omA to I 
vifa i^iiUm o( witer. «ad ftrj pore vater ii 
fliM viy, ■wtuMfgfc it ii Bometimw rather baH. 
«ilbcr eooTe7«<d direetl; to the tovn t^ means of aqnediM 
or I^^M, after the Boman plui. or eoUected from « gather- 1 
big gnmud into Urge imponndtiig reservoirs, aai tbeoee 
Ukta in jiptm to the plac« to be sappliod. Lakes are 



{*.) The wftter of large lirers ia now freqnently used 
a ttoorce of anjiply. It is received in settling basiitB 
rM«rvoir«, where a deposit takes place, then £ltei 
tlirun^h Wdflof Hand and gravel, and afteTwardsdigtnbnl 
Momt of the mer water is contaminated in v 
daring its pasimge throngb towns ; and without enl 
farther into the subject here, I would merely say that iti| 
better to obtaio water that baa not been oontaminal 
thnti t/j tako water which we know has been contamini 
And th«u try to purify it. 

(5.) Water is somatimea obtained from pervious wat 
bearing strata, at a considerable depth below the surface 
the grouod, by boring into them tlu'ougb the impervi( 
■tratfl which lio over tliem, and through which the wal 
cannot pniietriLt«. Wells with such borings from the 
torn of thciu nre known aa artesian wells, from having been 
flrat generally used in the French province of Artois. The 
water oontuhied in such water-bearing strata is supplied^ 
by the rain whiuh fulls on tlio outcrop of these strata, oi 
at a oont^idurnblu distance, and frequently, as in Loui 
and Paris, on tlio hills around. This water percolat 
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through the pervious rocks, and so gets beneath the im- 
pervious strata which lie over them after they have disap- 
peared beneath the surface, and, being retained there 
mider pressure, rises through borings made into the rock 
in which it is, through the impervious strata lying over it. 
This water, then, is generally, as may be expected, very 
pure, although it is freqnently, especially if derived from 
the chalk, as that supplied by the Kent Company to 
London, very hard. Oceasionally, as in some wells bored 
into the New Red Sandstone, it contains too much common 
salt to be fit for domestic purposes, which will not be won- 
dered at when we consider that the largest deposits of salt 
we have, from which enormoua quantities are obtained, ai'e 
in the New Bed Sandstone foiination. 

However the water is obtained, it is distributed to the 
houses in one of two ways, either by intermittent or by 
constant service. With the system of intermitteut service, 
the water is turned on into the houses once or twice in the 
twenty- four hours for ashortperiodeach time. It is, there- 
fore, necessary to have cisterns, butts, tanks, or receptacles 
of some kind to keep the water in during the intervals. In 
these, deposit occnra of the suspended matters contained iii 
the water, and dust accumulabcN, especially if they are not 
covered, or if the covers are broken, and so the water ia 
rendered impure. They also usually have a waste or over- 
flow pipe, which is frequently connected with the sewers, 
or with some part of the water-closet apparatus, and by 
means of which foul air finds its way into the cistern and 
contaminates the water. During the intervale, too, when 
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the mains are not charged with water, foal water and foul 
ttii- find their way from the soil aronnd through leaky joints, 
and contaminate the water whon it ie next turned on, so 
that it frequently Lappena tliat the first water that comoB 
into the cistern when it is turned on is quite unfit to drink. 
There is an enormous amouut of loss with this system, 
which might, however, in great part be prevented. The 
last disadvantage of the intermittent supply lies in the fuct 
that some delay is frequently experienced in obtaining 
water for extinguishing fires. 

With the eyatem of constant service, on the other hand, 
the pipes are always full, and so it is not necessary to have 
cisterns, or receptacles of any kind for the storage of 
drinking water, aithongh this is frequently done. Becep- 
tacles are, however, necessary for the supply of water to 
closets. The pipes being always fnll of water under pres- 
sure, are far more Ukely to leak out into the soil than to 
be contaminated with foul matters from the soU. Still, it 
is not advisable on any account that waterpipcs should he 
carried near to sewers or other sources of contamination. 
The water is fresher, and purer, and cooler in summer 
when supplied on the constant service system. The pipes 
ai'e full in case of fire, aiicl the inspection of pipes, taps, 
and other fittings is, as a matter of fact, carried on very 
much better, and less waste of water takes place under this 
system (although t!ie pipes are always charged) than under 
tJie other system. It is obvious that, unless there were 
very strict supervision, a great waste of water would neooa- 
sarily accompany the use of the constant systeii 
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this reaEon also the water coiupaniea that have adopted 
that eyetem will not allow waste pipes from cisterns to be 
oonnected with the sewers, or closet apparatus, but insist 
on their discharging freely in the open air ; and uBiially in 
some place where any waste water running out of them 
would produce annoyance, so that it would he speedily 
noticed, and the cause of the waste remedied. It is very 
important, however, where this system is adopted, that 
there should he double reservoirs or tanks in order tliat 
one may be ased while the other is being cleaned out, for 
if, as has been the case at some places, and notably at 
Croydon, the water be supplied by the intermittent system 
of service for a few days, defects which have produced no 
inconvenient results while the constant system of supply 
was practised {such as the connection of water-closet 
hoppers directly with the main water-pipes, the existence 
of leaky joints in the mains, through which foul matters 
may enter from the soil, Ac), may produce the gravest 
results by spreading enteric fever throughout the com- 
munity ; and here I may mention that it is, of course, ex- 
tremely improper and very dangerous to connect a cistern 
which ia used to supply drinking-water, or a water-supply 
pipe, directly with the hopper of a water-closet. 

The system of constant service is coming gradually into 
more general use, and it is very probable that water-meters 
will he much more generally used than they are at present. 
A simple apparatus of this kind is Ahrhecker's water-meter, 
in which the water is made to pass through oblique aper- 
tures in a &^ei plate into oblique spiral passages In r 
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cylinder wliich ia capable of rotatiiig, and the axle of vilnch 
tuma the indes of a dial. 

The pipes, by means of which the supply of water is 
ODuveyed into the houses from the mains, are ueuaUy made 
nf lead ; this material being preferred on account of its 
durability, and the facility with which it can be bent in vari- 
OUR directions. A disadvantage of it is, that certain waters 
attack and dissolve lead, and are thereby rendered more or 
less poiBonous, Those, however, are cliiefly pure and soft 
waters. Waters containing mineral salts in solution, such 
as those generally supplied for drinking purposes, scarcely 
attack lead at all ; and mareovcr, with waters which do at- 
tack lead, the surface of the metal becomes covered with 
an insoluble coating of oxide and carbonate, which protects 
it from further attack. Pipes made of lead lined with a thin 
layer of tin are sometimes used, but when the tin becomes 
damaged in any way, a galvanic action is set up, and tlielead 
is dissolved quicker than ever. Varnishes of various kinda 
have been proposed for coating the interior of water-mains 
and pipes. Most of thorn are very objectionable— one of 
tliem positively containing arsenic. Wrought iron pipes 
with screw joints are sometimes used for water pipes. 
They are certainly cheaper than lead, and it is said that 
they will last longer. Bends are made of almost every 
possible shape just as in gas pipes. In some rare in- 
stances lead pipes are attacked from tlie outride by water 
containing carbonic acid in the soil, as shown in a sample 
of a lead pipe which had been laid in clinlk, and which 

as contributed to the Parkcs Museum by Mr. Bostel, of 
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Tlie receptacles asqd for storing drinking water are made 
of various materials. Cisterns of lead have long been fre- 
quently used on acoouut of tLeir durability. They are 
open to the same objections as lead pipes, although From 
tlie fact that no mischief has been found to result from the 
use of load pipes and cisterns at Glasgow, since it has been 
Bupphed with Loch Katrine water, which is exceedingly 
soft, it appears probable that the ill-efTects from the use of 
lead in this way have been eiaggerated. Galvanised iron 
cisterns are fast taking the place of lead ones. They are 
very durable, and of course cheaper than lead. Stone or 
even brickwork tanks lined with cement are sometimes used 
at or below the ground level for tlie storage of water, and are 
open to no objections so far as the material is concerned. 
Stoneware cisterns are now made and are admirably suited 
for cottages, for use in basement floors, &c. Slate cisterns 
are not unfrequently used for upper stories, as well as 
ground floors. Of course slate in itself is an excellent 
material for such a purpose, but t:lato cisterns, unfortunately, 
ore very apt to leak after a time, and the joints are then 
filled in with red lead from the inside of the cistern — a 
practice which is, of course, very objectionable. The use 
of wooden receptacles, such as tubs, butts, &c., ought to be 
discouraged, if only because they are difficult to be kept 
cleansed. A self- cleansing tank has also been devised. 
The bottom, instead of being flat is made to slope from all 
aides towards the centre, where the waste-pipe is fixed. 
On Ufting up, by means of a lever, that part of the waste- 
pipe which stands up in the cistern, and which is fitted 



sides and bottom of the cifitern froml 
water is generally supplied to the dm 
through a tap known ae tho "L 
attached, by means of a metal bar, i 
or ball, which floats on the water as 
and when it baa risen to a certain bei^ 
It is because these taps are liable tn g 
a waste or overflow pipe is necessary, 
flow pipe fihotild, in all cases, without ' 
charge freely, as over an area, &c., so tl 
water coming otit of il. AH rcceptaclss 
well covered, in order that duat may bf 
Nevertheless, ventilation space hetweeit 
cover, by means of boles provided wi| 

lides, is advisable. 
Of course, for drinking water, wa | 

lOurce of supply that ia unpolluted. 
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Bnpplying the water- closeta, and eo it may be advisable in 
Bome places to have a double supply of water, one of ptire 
water for drinking and cooking, derived, for instance, from 
artesian wells, and the other of an inferior character for 
other uses. This haa been lately proposed for London, and 
whatever may be said against it on the score of expense, I 
think most people will agree that it will be very desirable 
to have water to drink which has not heen first polluted 
with sewage and then filtered. The advantage of this plan, 
too, was perfectly well recognised by the ancient Romans. 
Frontinns tells ub that it pleased the Emperor (as he puts 
it) to order that the water supplied by certain aqueducts 
should be furnished to tlie people for domestic pitrposes, 
while tliat suppHed by some others, from its being occa- 
sionally turbid and of inferior quahty, was to be used for 
"viler purposes." 

As, however, we do not, as a matter of fact in the ma- 
jority of instances, imitate the ancient Boiuans, either in 
this particular or in bringing pure water from a distance 
to supply the towns, but use the nearest water that we can 
get, whether good, indifferent, or bad, it is of course neoea- 
sary for us to do all that we can to purify it before use. This 
is done on a large scale by filtration through layers of sand 
and gravel, after the coarser suspended matters have been 
allowed to deposit themselves in a settling tank. I shall 
not describe this method of filtration iu detail here, as it is 
a little beside the scope of these lectures, but, as the prin- 
ciple on which it acts is tlic same as that upon which the 
success of most forma of domestic filter depend, I may say 
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a few words aboat it onoe foi all. The experiraenta made 
by Dr. Frankland for the EiTera Pollution CommiasiouerB 
showed that when foul water was paesed through layers of 
porous soil, or Band and gravel, the amount of organic 
matter in it was reduced, if two conditions were fulfilled ; 
these are, tliat the filtratiou he downwards and intermit- 
tent. It was found that if the filtration were upwards or 
continuous, no such purification occurred after a time. 
The eiplanation of these facts is simple. The filtering 
material acts in two ways. It separates, mechanically, 
Buapended matters in the water that are too large to pass 
through the pores of the filtering material, and it also acta 
chemically by means of the oxygen of tlie air in its pores, 
for as the water fiows downwards throngh the filtering 
material, it percolates by means of a number of very small 
Btieams, and so ia brought into the most immediate contact 
with tlie oxygen of the air in Uie filtering material. Thus, 
the organic matter and ammonia dissolved in the water 
are osydised with the production of nitrates and carbon- 
ates, and it is certain that by this meann a considerable 
quantity of organic matter ie rendered harmless. Domestio 
filters, clearly, ought not to be required. The water ought 
to he dehvered sufficiently pure to drinlt. 

And here I would remark that the average quahty of a 
drinking water Bupplied to a place ia not the matter of 
most importance, and indeed is rather a fallacious guide. 
What wo want to know is the quabty of the worst sample 
that the public are likely to be suppUed with at any time. 
" *' it is not only because the water supplied varies in 
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parity in most instanoes, BomctimeB considerably, that do- 
mestic filters are useful, but because, as I have before 
remarked, especially where the intermitteot aystem of 
supply ia in vogue, the water, oven if delivered pore, is 
rendered impure in the houses tliemselves by being stored 
in filthy receptaolcB, The lunjorJty of the filters in do- 
mestic use rely npon the principle of downward filtration. 
In a few, the water is passed upwards throngh a filtering 
material. Tlie chief materials used are animal charcoal — 
Fio. 18. 
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vegetable charcoal is not a good material for filtorinft 
purposes — aihcated carbon, carbide of iron, spongy iron 
and sand. When animal charcoal is used, it must be spe- 
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cially prepared and vrell-banied. If any of the oniiualll 
matter be left in it, it becomes aa has been ehown by thfl I 
Bivers Pollution CommiasionerB, a breeding place for I 
myriBda of amall worms which puss into the water. With i 
the other materials mentioned, there is, of course, no risk | 
of this, as they are made of burnt shale, or taken from the i 
interior of blast furnaces. Some filters are placed inside . 
the cisterns, so that all the water that is drawn off has to i 
pass through them. Others are placed on the main water I 
pipes themselves, or in the taps. One of the former kind | 
is known as "the self- cleansing filter," in which the sus- 
pended particles in the water are prevented from getting | 
at the filtering material by a ring of compact stlieated 
carbon, and the water itself is made to wash the outside 
of the block of filtering material through which it has to | 
pass. My experience goes to prove, that filters that ore | 
always under WAter cease to purify the water after a 
time, unless means ore taken for aerating them, and i 
many instances I have known water to be rendered more I 
impure by its passage through a filter which has been naed I 
in this way for a cousiderable time. Of forms of domestio j 
filter, the glass decanter with a solid carbon or sihcated \ 
carbon block has the great advantage that every part of it | 
can be seen, so that it can be kept scrupnlouBly clean. 
These filters go on working perfectly well for an almost ' 
unlimited time, scarcely anytliiug being necessary beyond 
cleansing the surface of the block ouce now and then with . 
a hard brush. It is a very good plan to have a kind of | 
double filtration. Sometimes the water is made to pass 
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tiirongh a piece of Bponge before falling on to tlie filtering 
material witb the view of arresting the coarser euspended 
t is far preferable, however, to use the carbon 




block for this purpose. In Prof. BischofT's spongy irou 
filter the filtering material is always under water, and tlie 
action which goes on in it is certainly quite difierent to 
that which I have explained and is as yet little understood. 
The Rivers Follutiou Commissioners have expressed the 
highest opinions of this substance as a filtering laaterial. 
On account of the fact that the water dissolves a little of 
the iron on its passage through the spongy ii'on, it is made 
to pass through layers of pyrolusite (an oxide of manganese) 
and of prepared sand aftei-wards, with the view of remov- 
ing this, and then, in order to aerate it, it is delivered 
through a very small hole in a fine stream into the pure 




A. Acepn to ret-'i 

B,Wil*riopply[Db.e Wnng Her 

CC'C" Floori of Hltsr uUftinlia™ 

D. Hindis of oovar 

P. FilMrod waler chunber 

G. Plofclioa bill. 

Later norkod bj Uoutuiir ball 



P feupplj plpB 

K Clamp 

ss S Prepared land 4a 



WATER SUPPLY. 63 

water receiver. It will Uius be seen that it is rather more 
complicated than some of the other forms of domcBtie 
filter. The Blight trace of iron that rcmaina in the water 
can hardly be considered a disadvantage, at any rate in 



agrating 




filter." In this by an ingenious contrivance, the air 
passes to and from the filtered water chamber through the 
filtering material itself, and not by means of a small chan- 



64 WATER SUPPLY. 

□el in the ohina or oartheBware vesesl holiliug ths filtering 
material, as is the case in otlier filters. The water first 
paaaes through a silicatod caibon block, and then falla in 
the form of a shower on to the surface of a layer of some 
loose eilicutod carbon supported upon a perforated plate ■ 
which is not fiat, but has elevations liere and there on its 
surface. The reenlt is, that not only wheu the water is 
drawn off by the tap does air pass through the filtering ' 
material into the filtered water- chamber, but also as the 
water flows through into this lower chamber it forces the air 
out through the filtering material itself, which it is enabled to 
do by means of irregularities on the surface of the plate 
upon which the filtering material rests. If this plate were 
quite flat as it was heretofore made, and if there were no 
air-pipe from the lower chamber, a balance would be 
estabhshod and both water and air would cease to pasa . 
tlirough the filtering material. 

Wlieu rain-water is used for drinldug, and even for | 
other domestic purposes, it is advisable to filter it, and a 
very good filter for this purpose is one devised by Professor 
Bolleston, of Oxford. The tank to receive the rain water 
has two compartments, divided from one another by a 
vertical partition, and each having a horizontal layer of 
filtering material, as charcoal, placed on a perforated sup- 
port half-way down the tank. The rain-water pipe from 
the roof is brought down through this filter-bed, nearly to 
the bottom of one of the compartments. The rain-water 
then has to pass upwards through the filtering material in 
" ' compartment over the partition into the second com- 
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partment, and downwards through tho hltenag raatcrial 
there, into the lower part of that compartment, where there 
is a tap from which it may be drawn off. An overflow pipe 
ia, of course, provided, bo that the water cannot rise above a 
certain level. 

In conclusion, I need not only saj tliat the number of 
instances in which epidemics of typhoid fovcr, cholera, and 
some other diseases, have been traced to the use of impure 
water, or ot milk contaminateii with foul water, must make 
it evident to everyone that it is of tbc greatest possible im- 
portance that we should bare uncontamiuated sources of 
water supply. 
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CHAPTER IV. 

EEMOVAr. OP HEPDSE MATTERS. 
pit. Kitchen Refuse, Eabth-clobkts, &c. Conbkbvano* ] 

AND WATEB-C&BRU.aE SiSTEUS CoUPARED. 

A Very ituportaut matter in tbe sanitarj adminiBtrntion of 
largo towns, aud au important matter for the considei-atioa 
uf ovory houseli oilier, ia tlio regular and frecjuent removal 
iiftlio house refuse known aa" dust." This consists chiefly ■ 
iif ashes and cinders ; but uiifortunittely the dust-bin or ] 
iiith-pit is only too convenient a receptacle for all kiuds of J 
rofiise matters, including kitchen lii-bt-is, and so, in a large J 
iiumbor of instances, theBQ receptacles, especially in hot I 
weather, become excessively foul, nnd an abominable I 
nnisance, If the dust were removed daily, iia it should be J 
wherever this ia practicable, the mixture of organic matter I 
-with it would not be of great importance, but where this I 
cannot be done, it is very necessary to insist that the dust- I 
bin shall bo used for nothing hut ashes, nnd that all or- I 
ganio kitchen refuse, such as cabbage leaves and etalka, I 
shall bo burnt. This can be done without any nuisance J 
by piling them on the remains of the kitchen fire the last I 
thing at night ; thus they are gradually di-icd during the | 
night, and help to hght the fire in the morning. When dust I 
ia valuable to those who contract to remove it (for this A 




work is generally let out to coutractora by the parisb 
authorities, althoiigh ia Boveral instances it is now b 

rith great ndvuntage and saving to tlie ratepayers by 
the parish workmen themselves), there is no difficulty in 
getting it removed. The contractors are only too glad to 
it, and even prosecnte people who keep any of it back 
for their own uses. The cinders nnd ashes from dust- 
bins are largely used in brickmaking, and so when the 
building trade is slack ditst becomes worthless. The 
contractors, instead of paying for it, require to be paid 
cousiderable sums to take it awny, and the less they take 
away, and tlie less frequently ihey call for it, the more 
advantage do they get ont of their bargains. This has been 
the ease for some years, and in one parish alone, that of 
Islington, where I was formerly Medical Officer of Health, 
the difference that it made to the sanitary authority in one 
year as compared with another only sis years before, was 
no less than £6,2fi7 ; whereas in the former year the 
sanitary authority received £2,200 from the contractors, in 
the latter they had to pay £4,057. No douht tlie best plan 
to get rid of such refuse matters would he to put them out- 
side tlie door early in the morning in a box or bucket, to 
be called for every morning by the contractor's men, and 
this is already done in some plaeos. Otherwise it ia 
necessary for every householder to take care that hia dust- 
bin does not become a nuisance to himself or his neigh- 
bours, from too large an accumulation being allowed to 
remain in it, or from improper matters being thrown into 
it. Duet leoeptaoles ought not to be kept inside houses, as 
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they very freqaently are. Neither oiiglit they to be builfc:! 
against tlie ivall of the lioueo, for emanationB from them I 
will percolate through the walla into the interior of the 1 
house. They ought always to be covered with a sloping 
roof, BO that the rain miiy run off; if rain water is allowed 
to get into them, thoy are much more likely to become a 
nuisance. Bain-water pipes ought not to he carried J 
through ciust-bins, or foul air Irom the latter will get into I 
the pipe tlirough a leaky joint, or a damaged place, and I 
ascend it, causing a nuisance in ouo of the upper rooms, 1 
or elsewhere. I have known a serious tmisauce caused in I 
this way. Portable galvanized iron boxes are much better I 
than built dast-bius, as they can be kept much cleaner. I 
Removal ef Pxcretal Matura bij L'onserraney Si/steiM,— 1 
Under these systems the exeretal matters are cither col- 1 
lected without any admisturo, in receptacles known as I 
cesspools, or they are mixed with ashes, and other hooae 1 
refuse, forming what is called a "midden heap," and ofl 
these two old plans all the dry closets, pail, and tnb sya-l 
terns, Ac, may be said to be moilificntioua. Cesspools wero I 
formerly largely used, especially for houses buUt on porous I 
soil. A pit was dug into which the exeretal matters were j 
diflcliarged and allowed to percolate away into the soil — &e- I 
quently into neighbouring wells. Often there was not only I 
no pretence at making this pit impervious, but every facih^ I 
was given to allow of the percolation of the foul water, &o., I 
into the soil around. Thus the walls (when Uiere were any) J 
were made merely of rough blocks of stone placed one upon J 
tber. In some instances these pits were not opeued 1 
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for many years together. Such cesspools wore constructed 
long beforo water- closets c&me into use, and were often 
retained after the iatroduotion of these. In many instances 
they are placed underneath houses, and under the base- 
ments of large houses there are Bometimes several of 
them. They form a serious nuisance, lasting for many 
years, as foul air &om them finds its way into the 
house, even when there aro no waste pipes directly con- 
nected ivith them, as there generally are, and thus they 
are very dangerous to health, even supposing they are so 
placed as not to contaminate tlie water supply. In aomo 
towns it was, positively, formerly a practise to dig them 
down until a spring, or water of Bome kind, was reached, in 
order that they might not require to be emptied. In all 
old liouses, it is imperative to search diligently for disused 
cesspools, and to trace the course of every pipe from every 
part of the house. In many instances, openings from the 
basement floor lead into disused cesspools, even iu houses 
that have been drained, and in which the cesspools are 
BDpposed to have been abolished. A basement drain is 
not unfrequently allowed to discharge into an old cess- 
pool, after a properly constructed sewer has been made to 
receive the refuse matters from the water-closets. This is 
a source of great danger to tlie inmates of the house. 

In some instances, however, cesspools are made of 
brickwork set in cement and lined internally with a layer 
of cement, so as to he impervious to water. They then 
require to be emptied periodically, a process which often 
causes a considerable nuisance, and they requii-e, moteavex^ 
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to lie at a cousiderablc diatauce from the house, and to ba' 
discoimecte J from the honeo draiiiB and Bewers in a manner 
that will be described in the next chapter. Not nn&eqnently, 
however, they are placed directly underneath the house or 
under the court-yard, as is commonly tlio practice in Paris 
aud many otht-r continental cities and towns. Pipes are 
laid straight into them from the various storeys of the 
house, and sometimes these ai'e the only ventilating pijjes 
through which foul air cau escape. Occasionally they are 
made to overflow into sowers or drains, and sometimes 
kind of strainer Is placed inside them, so that the 
refuse may be collected, and the liquids allowed to escajwJ 
into a sewer or drain. They used formerly to be emptied 
by hand and bucket, thereby causing an abominable 
nuisance, and the workmen employed for tliis pm'pose were 
freijaently suffocated by the foul air, and anffercd from 
inflammation of the eyes caused by the ammoniacal vapoiirs. 
Of late years, they have been emptied by hose 
tight carts, from which tJio air has been previously exhausi 
by a powerful pump, This process, of course, causes lesB- 
nuisance, and is not dangerous to the men employed, but, 
even with these improvements, the system is a very dis- 
agreeable 

In some towns, large midden heaps are still iu vogni 
The mixture of ashes and other honsc refuse with the cx< 
crotal matters produces a dried mass, which, if not ex< 
posed to the rain is considered to oanse less nuisance t 
cesspools ; but if dust-bins are bad and ore nuisances, 

ey most certainly are in a very large number of iuatauoi 
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midden heaps mast be very much TCoree. Refuse mattera 
become nuisances and injnrioas to health when they are 
allowed to remain m the vicinity of habitationB. In all 
toTvna where refuse matters are not removed immediately 
there is a high death-rate, and especially a high children's 
death-rate, and in all towns (as Dr. Buchanan has shown 
in the ninth report of the Medical Officer of the Privy 
Council) where refuse matters are removed more speedily 
than they were formerly, the general death-rate has been 
lessened. The cliief improvements that have been made in 
these conservancy systems, consist in diminiBhing in vari- 
one ways the size of the receptacles, so that the refuse 
matters cannot be collected in so large an amount, or kept 
for so long in and near the honso, and in making the 
receptacles impervious to water, no tliat liquids cannot 
escape from tliem into the soil around, nor water get into 
them. Sometimes the receptacles are drained into the 
sewers so tlint the liguid part can run away leaving the 
contents of the receptacle <h'ier. In other cases they are 
not. The improvements in cesspools, then, have consisted 
in making them smaller and smaller and, lastly, moveaI)le 
— the /us.iiw mohilea of the Continent ; the pans, pails, tubs, 
&c., of some of our large towns. Theso moveable recepta- 
cles are placed underneath the seats of the closets, fetched 
sway when full by the scavenger, nnd replaced by the 
empty ones. They are, or ought to be, fitted witli air-tight 
lids, GO that as httle nnisauco as possible may be caused 
by carrying them to the carts ; but as may he expected, ii 
many instsncea they are allowed to get too full, and 1 
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great uuiBance is often cansed in the houses. Nevertheless, 
this plan is a cousidcrable improvement upon the plan of 
large buried cesspools. One of those pails that is largely 
in use is Hnreaceugh's sprmg-hd receptacle, a specimen of 
which may be seen in the Paikes UuBeum. 

Similar improvements have been made in middens. The 
pits, in which the excretal matter and ashes are collected) 
have been made smaller and smaller, and impervious to 
water, until at last, in some towns, they are above the 
ground, and consist only of the space beneath the seat of 
the closet made into an impervious receptacle, and nsnally 
drained into a sewer or drain. This, of course, necessi- 
tates their being emptied frequently, which is done by hand 
and spade labour. A capital plan is that adopted by Dr. 
Baylias, late Medical Officer of Health for the West Kent 
Combined Districts, in which there is a ventilating shaft 
from the back part of the receptacle rising above the roof 
of the closet. This allows the foul ah- to escape above the 
roof, while fresh air enters through openings cut in the 
door. Sometimes boxes or pails are used and removed 
periodically, as in the case of tubs and pails, previously 
described as moveable coBspoola, the only difference being 
that ashes, S:c., are thrown in with a scoop or by means 
of some self-acting apparatus. A contrivance wliich ia 
now largely used, in towns where this system is in vogue, 
is Morell's cinder- sifting ash-closet, of which a model may 
be seen in the Parkos Museum. The ashes are thrown on 
to the sifter, through the interstices of which the fine 
ash passes into a hopper, and the cindore fall off and may 
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be collected and used again. Tlie bopper i^ connected 
with the seat in encli a manner Uiat tlie weiglit of the per- 
son moves the seat a little and jerks some of the fine ash 

Fio. 22. 
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down into the lower part of the hopper, from which it is 
thro^'n into the midden by another jerk when the person 
rises. Another contrivance of this kind is Moser's, which 
is also of very simple construction, and others are Taylor's 
and Weir's. The Eureka and Gons, and some other 
systems are varieties of the pail system in wliich an ab- 
sorbent of some kind or another is used. 

We now come to tho consideration of the dry-earth sys- 
tem, which was brought into proniinoneo by the Rev. Henry 
Uonle. It eonsiBta in tlirowing over the excretal matters 
a certain quantity of dried and sifted earth, when an ab- 
sorption takes place, and a compost is produced which is 
perfectly inoflensive to the sense of smell. The earth may 
be dried and used over and over again for five or sis times 
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or even more, and any gufUi except cliolk or sand mll-l 
answer tlie pnrpoae. It may be thrown by band, or by a J 
self-acting apparatus moved by the weight of the iierson, ] 
or by the door of the closet, or by a pull-up apparatus I 
eimilar to that ordinarily used in water-closetj. It will bo | 
seen at once that with this system there Ib not only some- ' 
thing to be taken away, but something to be brought iuto I 
the towns and iuto the houses — the dried earth ; and this 1 
constitutes a very serious objection. However, it is anob- 1 
jection that might perhaps be waived, if the system could I 
be satisfactorily worked on a, large scale and by careleaa I 
persons, for it is essential, in a large town at any rate, ' 
that a system for the removal of refuse matters must be 1 
used which can be worked by the most careless persons. I 
"When we consider that, if the supply of earth wore to fail 
for a day. a serious nuisance would be caused in every 
liouBC ; that if a servant throws a pail of slops into the 
earth-closet it becomes a cesspool ; that the apparatus may . 
get out of order, bo that eartli is not thrown in even though I 
the hopper be full ; and that an enormous (luantity of earth I 
■would be required in every large town, we shall see that, 
at any rate for large towns, it is impracticable ; and when 
added to this, we tind tlie fact that one great argument in 
favour of the eystem, the supposed value of the manure 
produced, is entirely fallacious, it having been shown by 
the Sewage Committee of the British Association, that tha i 
compost, even after passing six times tlirough the closetB,,! 
can only be regarded as a rich garden aoU, and woulc 
pay the cost of can-iage even to a small distance ; th; 
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fact ill the disintegration and decomposition of the organic 
matters that takes place in the mass, almost all the mito- 
gen is got rid of in some way or another, we see that one 
great argument for its use in towns disappears. We must 
remember, too, that ileodorisation is not necessarily disin- 
fection, and, aa Dr. Parkes pointed out, wo do not know 
that the poisons — say of typhoid fever and cholera — are 
destroyed by bekig miied with dried earth, It is even 
possible that they aro preserved by it, and there can be no 
donht that i( the earth is not sufficiently dried, or if water 
is thrown on the mass, considerable danger wonld arise if 
the poisons of such diseases were present. Wliile, however, 
the system is impracticable for large communities, it is one 
that has been found very useful indeed under suitable 
circnmBtances. It is useful for temporary large gatherings 
of people at flower shows, cattle shows, race meetings, 
volunteer reviews, &c.,especiQlly where there is supervision, 
and where persons can bo told off to attend to the distribu- 
tion of the earth. Earth-cloaets are suitable for use in 
viUagcB and country houses in the open air, but they ought 
not, in my opinion to he placed indoors even in the country, 
"Where the earth can be collected and dried on the spot, 
and the compost afterwards used upon the garden, the 
plan has been found very useful if only sufficient cars be 
eseroised, and no nuisance need be produced. 

To sum up with regard to the conservancy plans, their 
very name condemns them one aud all, for use in large 
towns at any rate, or in the interior of houses. One of the 
most important of sanitary principles is, that the refuse 
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matters should be rcmoTed a.a epcedily and as continnonsly 
as poBBible from the neiglibonrliood of habitationB, and the 
principle of all consGrvaocy Byatema Ib that Oie refuse mat- 
ters are to be kept iii and about the house, at any rate as 
long as they are not a niUBance, which of couibq means 
that, in a large number of cases, they become a seric 
nuieance. It Ie hIbo obvious that the carriage of the refuse 
matters entails considerable cost under any of these eys- 
teme, and so the less fireriuenUy they are removed the lesa 
docB it cost, and what is detrimental to the Hfe of the 
population becomes ailvautageous to the ratepayers. If the 
manure so collected were valuable, it might, of course, be 
made to pay the cost of collecting, but this is not the case 
as a nile, the only instance in which any of these systems 
have been made to pay being where the excreta! matters 
have been collected in pails or tubs, unmixed with any- 
thing which would lessen their value. With all those 
systems, too, it is necessary to have some method for dis- 
posing of the slops and fool water generally, which cannot 
be allowed to run into the water -courses, as it would c< 
tomiuate them, and so it is necessary to have seweis, the 
construction of which will be described in the nest chapter. 

As opposed to the conservancy systems, we have the 
water-carriage system, by means of which the refuse excre- 
tol matters are conveyed away in the foul water by gravi- 
tation through the sewers, and are thus removed from the 
houses as speedily and cheaply as possible by means of the 
pipes, which mnst in any case bo provided in towns, to get 

ftof the foul water. The sewage is increased in bulk, 
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bnt is not rondored perceptibly fonlot by this ailmisture. 
Indeed, as a rale, the eewnge of a town supplied with 
iratGr- closets i^ less foul than tliat of a town snppIieJ with 
middeiiB. Although, however, sowers are necessury in 
towns to carry the foul water away, in country places the 
slop water may be allowed to run into the surface drains, 
provided they do not pass near wells, and this is best man- 
aged by means of a contrivance which I shall describe in 
the nest chapter. 

The water-carriage system has disadvantages of its own, 
and requires special precautions to be taken, which so far 
as they are connected with dwelling-houses, will be de- 
scribed in the uest two chapters. 
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Sewebage— JIaw Sewebb and Hodse Brascheb, Traps, 

Ventilation, &c. 
Eves where conBervanoy systema are used for tlie removal 
of refuse exoretal tnattGra, it is necessary to have some con- 
trivance by mefliiB of which the foni water cau bo got rid 
of. lu country places, it mny be discharged into oi-dinary 
agricultnra! drains laid beneatlitlie garden. It then perco- 
lates iiito the soil and serves to fertilise the cropa. If, 
however, sucli waste water ia throwu gradually down the 
traps and into the drains a small quantity at a time, the 
water escapes through the jnuctions of the first few pipes, 
and the fat and other solid matters become deposited ia 
them, and soon choke up the pipes ; so that it is necessary 
to collect the slop-water, and discharge it at intervals. 
The best contrivance for this pnriiose ia BIr. Rogers Field's 
ttush tanlt ; tlie slop- water is disclinrged over a loose iron 
grating at the top, and passes through a funnel-shaped 
aperture with a siphon bend at the bottom of it, which can 
also bo lifted out, into tiie tank below. The discharge- 
pipe from this tank ttoca not start from the top of it, but 
very near the bottom, is carried upwards to the top and 
tams over and passes downwards to its outlet, which is at 
H lower level than the point from which the pipe began. 
I. pipe ia made in the earthenware end of the tank itself. 
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Thas it viU he seen that a Biphon ia produced, bo that 
when the tauk is filled to the top, and the Bhorter hmb of 
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tho sipLon also filled tip to the bend, a Buffioicnt (jaantttj I 
of water thrown in Buddenly will start the siphon, and bo I 
empty the tank of its contents, to the level from which the I 
lower limb starts inside tho tank. The discharge end of j 
the dphon has a weir placed across it with a notch in it. 
By means of these eontrii-ancea, not only will a smaller | 
quantity of water start the siphon, but a false action which ' 
was found ocoaeionalJy to take place, and which caused the 
water to dribble away without the tank being emptied, is 
prevented. Thus the whole body of water contained in the 
tank is made to rush through the drains, and the difGcolty 
spoken of above is avoided. Tlie tank alao acta aa a very 
good fat trap. In towns, Iiowevor, it is necessary to have 
sewera for the removal of the foul water. Sewers ought 
to be impervious to water, so that their contents may not 
percolate into the soil around, and so drains which are 
made to dry the soil are obvionaly not fitted to be used as 
sewers. The larger sewers are uaually made of bricks, 
and built with au oval section, thia being preferable to the 
ciroular, and of course far better than any rectangular sec- 
tion. The bricks should be of the very hardest kind, and 

Fio. 25. 
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set in cement, audit is advisable to build tlie "invert" or 
lowoi' part of tho sewer, upon invert blocks made of stone- 
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ware. For sic aller- sized Hewers stoneware pipes are the 
best. They Bhould always be used for sewers not greater 
than 18 inches in diameter. Larger sewers than these are 
cheaper made with bricks set in cement. Stoneware pipe 
sewers would be much more used than they are in towns, 
but for the fact that the estimated size of tlie sewers 
generally is usually larger than is required, and much 
larger than would be required if the rain aud surface water 
were oarried away by separate drains. The sewer only 
requires to he large enough to carry away the water that 
con be discharged into it, and auything beyond that size is 
an absolnte disadvantage, as it makes it more difficult to 
flush the sewers properly, for a larger pipe is insufficiently 
flushed by a quantity of water that would easily flush 
B smaller one. For flushing purposes it ia best to have 
an arrangement by which a considerable quantity of water 
is delivered into the sewer at once, so that it may fill it, 
or nearly so. The same quantity of water delivered more 
gradually does not produce by any means the same effect. 
In laying sewers of cousiderahle leugtli, whether main or 
house sewers, provision should always be made for making 
new connections witliout cutting into the pipes. This may 
be done by putting in junctions at various points — a plan 
especially suited for private estates, where the points at 
which junctions may be wanted will suggest themselves. 
With street mains more ample provision should be made. 
Mr. Jennings's pipes, which allow the sewers to he opened 
at any point without cutting the pipes, may be used. The 
pipes in foot have no sockets, the place of the socket being 
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supplied by divided rings, iu one half of vhidi the pipe 
are laid at their jimctioQ while the other half covere t 
upper part of the jimctioa. In Messrs. Magnire's drwnS.I 
the joiote rest in stoneware "cradles" which are filled" 
vith cement, frequent inspection holes being provided. 
Mr. Percy Boulnois' arrangement, by which each joint can 
be inspected after it is made, a cap being put over it 
afterwards, is very eoitnble for 9-inch pipe-sewers. 
ordinary socket pipes, Messrs, Doul ton's "lidded" 
may be used with advantage. In these a third of the pip< 
ean be taken off along the whole length of the pipe, 8 
junctions can bo made, the pipes inspected, and cleai 
rods pushed down them when necessary. "Capped" 
inspection -pi pes are also Bomctimes useful. They bavaS 
elliptical holes closed by means of Uds made for the pnivl 
pose which may be removed at any time, for the pnrposa 
of inspection, inserting a junction, &a. The above i 
marks apply to honse branches as well as to main i 
and it is very important not to omit the insertion of 1 
inspection -pipes of some kind or other, at proper intervals 
and soitablo places, as in open areas, on the course of 
house-sewers, especially those of large mansions. 

The main eewers should be freely ventilated at tlie level 
of the streets. All attempts to ventilate them in any other 
manner have been, without esccption, signal failures. If 
the ventilators, whether of the main or of branch sewers 
cause a nuisance, it is because there are not enough of 
them, or because the sewer is either badly laid or not pro- 
>y Eushed. In country places especially, cesspools are 
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often the deatination of the house-aewers. CeBspooie 
Bhonld never be made where it can be helped. It is far 
better to use the eewage on the laud than to collect it in 
cesspools. However, in some places, cesspools are neces- 
sarv, in which case they should always be made impervioos 
to water, by being built of bricks set in cement aJid 
rendered in cement. The cesspool should not be under 
the house, bnt itt some tUstance, and it must be ventilated. 
If near to the house, the Tentilator should he carried up 
outside the wall of the house, and above the ridge of the 
toof. If at some distance, it may be ventilated either by 
means of an open galvanised iron grating, or by means of 
an iron pipe carried up a tree and covered with wire net- 
work at the top. The cesspool should not overflow into a 
stream, or drain running into a stream, but on to the siirface 
of the ground ; and it is folly to buUd a second aeaspool, 
as some people do, for the first one to overflow into, for 
by the same argument, one might build any number — one 
after the other. Brick sewers should never he used under 
bouses. The foul water soaks through them into the soil, 
and sediment is Hahle to accamulate in them. Rata eat 
their way tlu'ough them, displacing the bricks and wander- 
ing about the house, and so not only does foul wat«r get 
out of them into the soil, but foul air flnds its way wherever 
rats go, besides the fact that rats carry filth from the 
sewer itself about the bouse, and into the larder if they can 
get there. In this way I have no doubt whatever, that 
mill; and other foods have disease poisons frequently con- 
veyed to them. Sewers made of glazed stoneware pipes. 
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should alwftye be used for honscB, escept in oases where U 
may be better to uae iron pipes, and tbey sbould always b 
lajd oatside the walls of the bouses whenever it is practice 
able. They should be laid straight from point to point, antti^ 
Fia. 26. 
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at each change of direction there should be a means of in- 
spection. They should he laid in a bed of concrete if there 
is any reaRoa to fear a settlement of the ground, or in very 
wet soils on hollow invert blocks. They should be jointed 
with comeut, but outside houses where a slight settlement 
is feared, tliey may be jointed with clay, finishing with a 
ring of cement. Clay alone is not advisable, as it is apt to 
get washed out of the joint, in which case the water rune 
into the soil, and tlie solid matters accumulate in the sewer. 
If pipes with Stanford's patent joint are used no cement 
is required. The emla merely have to be greased and 
fitted into one another. These pipes must be laid straight. 
-oy will not fit together. The fail of a house-sewer 
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should be at least 1 in 48, but a more cousiderable fall is 
preferable ; 9- inch pipes may be used for very large man- 
sions especially if outbuildinga are conuected with the 
sewer, bat, as a rule, for private houses 6-iiich pipes 
with 4-inGh branches nre amply large, indeed 6-inch 
pipes are unDeceBsarily large in most cases, and 6-inch 
pipes (which are now mitde by Messrs. Doulton) will 
be found to be very useful. The junction of the 
branches should never be made at right angles, bat 
always at an acute aogte, and of course in the direc- 
tion in which the water is going. At the end of the house 
sewer, in the main sewer or cesspool, a swinging flap 
made of gaivanised iron is frequently placed, with the view 
of keeping rats out of the honee-sewers. It may be of 
some use for this purpose but is of httle nse for preventing 
the entrance of foul air, and, as may be espectud, these 
flaps are often out of order. It ia also usual to place a 
water-trap of some kind npon the house-sewer before it 
enters the mitin sewer or cesspool. The kind formerly 
most used was what is known as the dipstone trap. The 
drain was deepened at the spot, and a piece of stone or 
(date inserted right across the drain from side to side, and 
reaching from the top down into the deepened part two or 
tliree inches below the level of the bottom of the sewer. 
Water of course always remained in the deepened part, 
and BO the dipstone running right across the drain dipped 
about two or three inches into this water. As it reached 
also to the top, and was built in, it obviously prevented 
the pftflsage of the sewer air from the main eewar ot i!««esctA. ^ 
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icept that whieli could pass tliroiigtf 



e- sewer, € 
the water in the trap. These traps were usually i 
rectangular, and were often very large, so that they were 
practically cesBpoole, and they btill go by this name in 

Fig. 27. 
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some parts of the country. They may be much improved 
by making the end nearest to the house nearly vertical, 
giving the opposite one a gentle slope, and hxiug the dip- 
stone not vertioally, but slanting in the direction in which 
water goes — rounding off the inside with concrete rendered 
in cement, so that there are no angles or comers. Thus 
the water falls vertically into the trap and flows oat 
through a gentle incline. In snch a trap very little accu- 
mulation occurs. Stoneware siphon traps are, however, 
now almost entirely used. They are frequently made with 
an upright piece from the lowest part of the siphon, which 
may be continued by meana of straight pipes up to near- 
the surface of the ground, for the purpoaea of inspection, 
and of cleaning out the ^phon should it get blocked up. 
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Tliis inspection opening is now Bometimes made at that 
end of the siphon which is intended to be pkced next to 
the house, bo that if pipes are carried from it up to the 
surface of the ground, and aJi iron grating put on to it, a 
passage is formed which, under ordinary circumstances, 
acts (if precautions are taken which will be presently men- 
tioned) as an entrance for air into tlie house-sewer. The 
siphons also ore now made with the Umb into which the 
house-sewer opens nearly vertical, while tlie opposite limb 
has a gentle slope upwards — the effect produced being that 
already mentioned. It is a, considerable improvement, 
although not absolutely necessary, to increase the air inlet 
into the sewer at this point, that is to say, on the house- 
side of the siphon trap, and instead of merely having a 
pipe taken up to the surface of the ground, to have a man- 
hole built in brickwork, and with channel pipes instead of 
whole pipes running along the bottom of it into the siphon. 
The channel pipes and one or two pipes beyond should be 
laid at a considerable fall, eo that the water may rush 
down into the siphon and clear it out as much as possible. 
Branch pipes may be made to join the main in the man- 
hole by means of channel pipes, or even by whole pipes 
discharging into a gutter huilt above the channel pipe ; or 
ihey may of course he taken into the house-sewer at any 
point of its course. The man-hole may be covered by a 
galvanised iron locked grating, if it is in such a position 
that gravel, Ac, is not likely to get into it, but if in an 
area it is better to cover it with a locking iron door, and to 
have one or two 4-inch ventilating pipes from its upper 
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part carried under the pavement to the area wall, np in 
the vail a short distanae, and then opening ont by gratings 
flush with the anrface of the wall, A junction pipe should 
he fixed immediately beyond the siphon, and pipes brought 
frora it through the wall of the man-hole, the end being 
filled with a ping which can be removed for the purpose of 
claaning the sewers beyond the siphon if necessary. 

In the "Kenon" trap, raade hy Messrs, Doulton, an 
arm is provided for this purpose, which renders the inser- 
tion of fl junction pipe beyond the siphon unnecessary. 
The " Kenon " air-chamber (loor is a stoneware floor with 
a 6-iuch channel in the middle of it, sides sloping up from 
the channel and side entrances provided with sockets foi; 
connection with branch drains. This floor is especially 
useful in places where the construction of an air-chamber 
is not tmderstood, as it has simply to he laid in the course 
of the drain and a man-hole bntlt round it, but it is gene- 
rally better, where there are skilled workmen, to constmot 
the man-hole floor with channel pipes curved to suit the 
requirements of the particular case. 

Or various stoneware disconnecting traps may be used : 
Potts's Edinburgh cliambered sewer trap has the advantage 
of having a large air inlet, and a considerable fall in the 
trap itself ; in many instances, with sewera already laid, 
sufficient fall cannot be got to introduce this trap. Weaver's 
trap is really a siphon with an upright air inlet leading 
into tlio limb of tlie siphon nearest to the house. Beyond 
'he siplion an aperture is pronded by means of which the 
ver or cesspool heyond, can be ventilated, or which. 
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if merely flagged, toay serve as an inspection pipe, through 
which rods can be pusheti, if necessary down into the main 
Bewej; or cesspool. In Btichan'e and Latham's traps the 
fall is quite vertical. Stiffs interceptor may be described 
as a sipIion-shapeJ trap, witli a double dip, so that it has 
three compartments, with an open grating for the middla , 
one. If any sewor air should pass under the first dip, it ' 
cannot get nnder the second, which is deeper, bat will ^ 
escape into the open air through the grating. Two 
inspection openings are provided, which mny be also used 
as ventilating openings— the further one to ventilate the 
main EewerorccEEpoo),if ueceesary at this point, by means 
of a pipe running to the top of the house, and the one on 
the house side of the trap may be used as an nir inlet. 
Professor Fleeming Jenkin has introduced the plan of 
using two siphon traps with an open grating between them. 
Dr. Woodhead has modified this by having a large stone- 
ware receptacle, which the house pipes enter underneath a 
large iron grating, with two siphons beyond the receptacle, 
one after another, and an upright pipe with an open 
grating between them. There is also a smaller upright 
pipe with open grating at the top between the receptacle 
and the commencement of tlie first siphon. It is unfor- 
tunate that we cannot do without a water trap at all in 
disconnecting the house-sewers from the mains, and I cer- 
tainly do not iinrik that any sufficient reason has been 
made out for having two traps one after another. 

At the highest point of the house-sewer, {or, if neces- 
sary, at the ends of two or more branches), there should.^ 
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be a ventilating pipe, four inches in diameter, carried up I 
above the eaves of the house or ahove the ridge of the roo^ I 
and not under or near any bedroom windows. This may I 
ho covered with a perforated cap having a few copper wirea I 
across the top, or with a cowl (preferably a fixed cowl) I 
if it is required to be ornamental. Whether this pipe be I 
covered with a cowl or not, air will as a rule, enter at th» I 
air inlet at the lower end of the sewer, pass along it through I 
its whole length, and escape by the ventilating pipe or a 
pipes just mentioned, and no foul air can accumulate ia I 
any part of the sewer, If any foul air escapes at the air 1 
inlets, it acta as a warning to show that something ia I 
wrong ; the siphon Is stoi>ped up, or there i 
accumulation of foul matter in it, or in the sewer^ 
somewhere, or else the top of the ventilating pi 
sheltered by a wall or chimney, so that with cer- 1 
tain directions of the wind a down draught is produced. I 
When aU is going right, no foul air will escape by these I 
openings. The ventilating pipes may bo made of iron if I 
only used as ventilating pijea. When used also as soil- 1 
pipes they are better made of lead, as will be further! 
shown in the next lecture. Bain-water pipes may ba I 
taken directly into the house-sewer or its branches without 
any trap, provided that their joints are well filled and 
packed, and that they do not open at the top near to any 
bedroom windows, otherwise thoy must discharge over the J 
surface of the yard or area. The surface galleys foel 
t. &c., should be stoneware siphon gulleys, provided I 
Uvanised iron gratings, which are better than stone- ] 
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ware gratings and are less liable to break. They are 
eometinieB provided witb openinge in tlio Bide above the 
level of the water for the admission of waste-pipes. &c. 
Dipstone trnps are Gometimes ased, but are objection able^ 
Fig. 28. 
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McLandsborougb's gaily is sometimes useful ; it may be 
described as an irou dip-trap with three compartments, 
having several openings, into which pipes may be taken 
above the surface of tlie water. JeuningB's receiver is also 
often useful, eepecially where the trap has to be low down, 
and upright pieces placed one above another over it up to 
the level of tlie pavement. Pieces with opeaiuga are pro- 
vided, 80 that drains coming from the inside of the house — 
the basement drains for instance — may be discharged into 
it, and so disconnected hora the house-sewer. Drains 
from the basement of a house ought not to open directly 
into the honse-eewer, but always into a disconnecting trap 
of some kind or another. Clark's gulleys are useful where 
much sludge is likely to be washed into the trap. They 
are provided with iron buckets that collect the sludge and 
can be lifted out bodily. They are doubly and some 
trebly trapped. Dean's galleys also have a backet iu 
by which saud, etc., may be collected and removed. 
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common bell trap, so often uaed not only iu areas but in 
basements of bouses, is a most mischievous contrivance. 
It consists of an iron box with a pipe, which is connected 
with tlie sewer, standing up in it The perforated cover of 
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fastened ^H 
3X up to ^H 



the box baa an iron onp or bell-ehapeil piece 
underneath it. Of course water stands in the box 
the level of the pipe which descends into the sewer. The 
bell on the perforated lid is so arranged that when the hd 
or grating is in its place, the rim of the bell dips into the 
water around the vertical pipe. Even if the boll is in 
place, and whole, the trap is nntmstworthy, becanse a 
very slight increase of pressure of air in the sewer will 
cause it to force its way through tbe small him of water 
into which the boll dips. It is objectionable because it 
6oon becomes filled iij) with filth, and hecaose, unless 
WKter ia almost coutiuuailyrtinning through it, a sufficient 
evaporates to allow tlie sewer air to escape freely; 
eat objection to it is that, when the cover is 
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taken ofT, the boU is taken off too; tho trap, Bucb as it is, 
IB gone, asd the air from the sewer escapes freely into the 
house if tho trap is inside the house. The ooverB ate often 
taken off by servants, and left off, and are also frequently 
broken, and bo the use of these traps should be discour- 
aged as mach as possible. The Maneergh trap iB Bome- 
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times nsed in areas, as it serves also for the disconnection 
of the basement sinks, and provides a place of attachmeut 
for a ventilator for tho house-Eewer. It consists of three 
compartments ; into an opening in the side of the first, the 
waste pipe of a sink may be conducted ; the water from 
this fills the first compartment up to the level of an aper- 
ture, through which it passes into the second, the pipe 
through ■which the water is conveyed into the first com- 
partment being made to dip below the surface of the 
water in that compartment. Over the first and Becond 
compartments, there is a loose iron lid with a grating over 
the second or middle compartment. From the second 
compartment, the water passes under a partition into the 
tliird, the outlet from which into the house-sewer is above 
the lower edge of the partition, which itself extends &om 
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the top of tliQ trap nearly to the bottom, so tbat it 
pletelj Beparatea the air in tlie third compfLrtmeiit fr< 
that ill tlie socond, aud dips beneath the level of tho ' 
in the two compartments. The top and eidea of thia 
compartment are modo of stoneware, ho that it doee not 
communioate with the external iiir, the outlet to the sewer 
being at one nide, and an aperture to which a ventilating 
pipe may bo attached in one of the other sides. Even if 
the last aperture be plugged up, and no ventilating pipe 
attached, any sewer air which can pass through the water 
from the third compartmeiit into the middle 
escape by the grating into the open air, and could not 
into tlie house, as the pipe from the house into the 
compartment of the trap dips below tho water. 

In most oases, however, an ordinary siphon gnlly 
a back or side inlet to receive the waste-pipe of the Bink 
ia all that is neceasary, the waste-pipe itself being trapped 
immediately under the sink in the way described in the 
next chapter. 
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CHAPTER VI. 



Wateb-clobbts, Sinks, and Baths, — Ahranoeuent op 
Pipes, Tbapb, ko. 

Water-doaeu, — The simplest fona of water-cloBet ifl the com- 
mon "long hopper " closet, consisting of a conical basin with 
a stoneware siphon trap below it. There is nothing to get 
out of order in these cloeets, but they are liable to get 
stopped up through an insufBcient amount of water being 
used in them, and the basins often get very foul from tlis 
same cause, and irom the fact that no water remaini 
the basin. They are very often supplied with water by 
means of a J-inch service pipe, which cannot supply 
enough water to flush them properly. This pipe is 
quently taken directly from a cistern supplying drinking 
water, or even, where the water service is constant, directly 
from the main water-pipea, provided with an ordinary 
stop-cock, or, perhaps, with a screw-down tap— a very 
mischievous plan, as the taps are freiuenUy left turned on, 
and the water aUowed to run to waste, sometimes empty- 
ing the cistern, and allowing foul air to get into it. When 
snch pipes are taken direct £vm the main, the results are 
even more serious, as, if the water is, for any reason, 
turned off in the latter, foul air, and even liquid and solid 
filth, may be Bucked up into the water mains and otm- 
tamiuate the water supplied next. To this cause a very 
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aerions ontbreak of typhoid fever in Croydon liaa been I 
traced by Dr. Buchanan. The supply pipes for these \ 
closets should not be leas than IJ-inch in diameter, and 
should not be connected dh*eotly with the drinking water 
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Long bopper i 

oiatern or with the main water-pipe, hut witli a water- 
waste- preventing cistern holding about two gallons— (tlia 
(piantity required to flush the closet) and aupphcd from 
the nearest water ciatern, or in the case of constant 
supply, from the main water-pipe — the supply-pipe being 
piarded by a ball valve. The pipe from this waste-pre- 
venter to the closet ie guarded by a valve, freiiuently 
«'n conical one known as the spindle valve, which can be 
by means of a lever worked by a chain and ring. 
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When the chftin is pulled, the spindle valve is raised, 
the two or three gallons contained in the water- waste -pre- 
venter are discharged into tlie hopper closet, while at the 
same time the ball valve is also raised by the lever, so that 
no water can come into the waste- preventer while the 
chain is being palled. It will be seen that this and simUar 
contrivances not only prevent direct connection between 
the watcr-cloaet and the drinking water of the cistern or 
main water-pipe, but also prevent an inordinate waste of 
water. An improvement on the ordinary hopper closet is 
the "Artisan" closet, made by Messra. Dent and Hellyer, 
in which the hopper is provided witli a flushing rim, which 
is far better than the old plan of shooting the water in at 
one side of the hopper. The basin of this closet is Bome- 
times provided with a china tray to prevent slops being 
thrown over tlie lim. This arrangement is called 
"the Artisan Basin and Slop Sink combined" and is 
frequently very useful. In the "Vortex" closet, made 
by the same firm, the siphon is much deoi^r than in the 
" Artisan " closet, and the water stands in the basin. A 
two-inch supply-pipe is necessary, the water being dis- 
charged by a flushing rim, and also projected into the 
middle of the basin, as it is clear that a greater force of 
water is required to fluah out so deep a siphon ; three 
gallons of water are required. On the other side of the 
siphon is placed a ventilating pipe to carry away any foul 
air. The "Household" closet, made by Messrs, 0. D. 
Ward and Co., is another form of short hopper closet, in 
which, however, the siphon without being deepened so 
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much aa to require a flush of more thau two gallons, is 
navertheleBB so arranged that a httle water atands in the 
baeia ; the great desideratum in hopper closets. 

We now come to various forms of "Wash-out" closet, 
the first being Jennings's "Monkey" closet. In this a 
small amount of water remains in the basin, the opening 
out of which into the siphon is not at the bottom, as in the 
case of the hopper closet, but on one side. The advantage 
of this form of closet is that it is not possible, as in Uie 
case with hopper closets, for careless persona to go on 
using the closet without flushing it with water, as the 
soil remains in the basin until it is flushed oot. , 
Hopper closets may be need for a long while without 
any supply of water at all, and this is the way in which 
pipes get stopped up. On the other hand, the out- 
let of the basin of a wash-out closet is more hable to 
become soiled, than that of a basin the outlet of which 
is at the bottom of it. In the monkey closet the haein 
and siphon are all in one piece of CEirthenware. In 
Woodward's "Wash-out" closet, the basin is provided 
with a flnshing rim, and the siphon is separate from the 
basin, so that it can be turned in any direction necessary. 
In Boetcl's "Excelsior " closet, the basin and the siphon 
ore one piece of earthenware, and the outlet is at the back 
of the basin. The water-supply pipe is made to enter the 
basin by two branches, one on each side, and a flushing 
rim is provided. At the bact of the basin is a vertical 
opening leading directly into the siphon, by means of 
whioh anything improperly thrown into the closet can ba 
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removed. An over-flow pipe is also provided, but this u 
in moEt iustanceB, useless, Dodd's "Wash-out" clou 
is somewhat similar in Bbape to the others, bat has a veaA 
tilatiog pipe attached to the discharge pipe immediate 
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"Waab-OQt" W>ter Olout. 

beyonil the Biphon. The "NatioDal" ie another well 
known form. An inch and a quarter supply-pipe should 
be used iu these doseta, and where there is less than six 
feet fall, l^-inoh pipes may be used with advantage..J 
Fowler's closets are sttitaMe for use in poor oeigbbonr^l 
hoods, especially when there is an insufficient supply c 
water. In this syetem, rain, eink, and other waste wata 
are made to wash out the trap of the closet. 

The closet apparatus most commonly used in the iutertoi 
of bouses is that Ifuown ae the "pan" closet, and i 
most mischievous contrivance. The basin is conical, anc^ 
below it ia placed a metal pan capable of holding water, j 
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into which the lower part of the hasin dips. Thie pan can 
be moved by the poll-up apparatus of the closet inside a 
large iron bos called the " container " placed under the 
seat of the closet, and into the top of which the conical 
baain is fixed. This " container " has a 4-iticb outlet at 
the lower part of it leading bto a trap placed below the 
floor, the trap being generally a lend "D" trap, from 
which a 4-iiich pipe passeQ to the soil pipe, which conveys 
the refnse from the closets into the aewer. The great 
fault of the " pan " closet consists in the large iron " con- 
tainer," which is merely a reserroir for foul air, as it al- 
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ways becomes very filthy inside. When the pnll-np appara- 
tns is worked, the pan is swung from its position below the 
baain, and its content? thrown, into the " container," the 
sides of which are sphiahed with foul matters, and cannot 
possibly be cleaned. Besides this the container leads into 
the D-trnp, which always contains fool matters, and gives 
olf foul air into the container. At the same time that the 
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contents of the pan are thrown ittto the container, foul air 
&om the latter is forced into the house. This can only be 
partly remedied by providing a ventilating pipe for the 
container, and carrying it out of doors, but I have more 
than once eeen a ventilating hole drilled in the container, 
and no pipe attached to it, bo that fonl air from the con- 
taiuex was driven out, with a pnff that wonld blow out a 
candle, each time the closet was need, and tliia in closets 
immediately connected with bedrooms. The D-trap sboold 
not be used at all either under closets or Einks. It con- 
sists of a lead bos shaped like tlte letter D, placed thus, q. 
Ft-!, a,-. 




D-tMp with fetil depont in il- 

The ontlet pipe starts dose to the top at one end, and t 
inlet passes down to an inch or so below the level of t 
lower part of the outlet. Of conrae water remainB in t 
ap Dp to the level of the outlet, bo that the inlet pipe dipvl 
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into it an inch or more. The D-traps are oever washed 
out thoroughly at each uee of the closet. A deposit of foul 
matter takes place ia them, aad foul air is generated. This 
gradually corrodes the lead, and eats holes through it at 
the npper part of the trap. In the Parkes Museum are 
many specimens of D- traps with holes eaten through them 
hy the foul air. Such holes, of course form a means of 
escape for the foul air from the sewer into the house. The 
trap is generally made of sheet leEid, and not cast in one 
piece of lead ; hut an improved form has heen made by 
Messrs. Gascoyne, which ia cast in one piece, and in which 
the inlet pipe ia placed at one end, so that there is no 
space left between it and theendof the trap, in wluoh paper, 
etc., Ctin accumulate. Instead of a D-trap, where a lead 
trap is used, it should be an S-trap or P-trap of 4-inch cast 
lead; or still better a " V-dip" trap or an "Anti-D" trap, 
as these traps have square instead of round outlets, and 
are less hkely to be nuBiphoned. Either of these traps is 
flushed out by each use of the closet. A lead tray is usually 
placed on the floor underneath the closet apparatus, the 
trap being placed sometimes above and sometimes below 
it. The object of this tray ia to prevent any overflow 
from the closet soaking into the floor and often through 
into the ceiling below, causing serious annoyance, aud 
perhaps a great nuisance. This tray is commonly called 
the " safe " of the closet, but as generally conetmcted, any 
other word in the language would be more apphcable to it. 
It is, of course, provided with a waste-pipe, and tliis waste- 
pipe is almost invariably carried into the C-trap, when there 
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is one below the safe, but it Is occaeionally carried etraighl 
into the soil-pipe, with or without a eiphoa bend OQ j 
Wheu carried into the D-trap, it is nenally made to ente 
bolow the surface of the fou.1 water fhereiii contained, 
I hara seen it carried straight into"the top of the trap, 
forming a passage for foul air into the honae. It ( 
not to bo connected with any part of the water-closet t 
paratuB, trap or soil-pipe, but ought to be carried straight 
through the wall to end in the open air, being merely pro- 
vided with a email brass flapper to keep draughts out. The 
waste or overflow pipes of cisterns are frequently carrieda 
into the D-traps of closets, in which case foul matters gefcfl 
washed into the inside of these pipes, and foul air from.l 
them contaminates the water in the cisterns. This is even I 
a greater eril than the last, and the waste-pipes of all cie- J 
terns, but more especially of those used for the supply of J 
drinMng water, should, as Btated in a previons chapter, be 1 
made to end in the open air. M 

We come now to valve closets, the numerous varieties oS 
which are modifications of the original Bramah's valvoH 
closet. In this the apertnre at the lowest part of the baaittH 
is closed by a water-tight valve, which can bo moved in ftA 
small valve box, placed immediately below the basin, hfW 
means of the pnll-up apparatus — the valve bos itself being* 
connected below with the trap. Thus, the necessity tatm 
the large iron container, so objectionable a part of th«fl 
pan-closet, is done away with, and its place taken by fkM 
small bos, in which the valve moves. As, however, Uwl 
valve is water-tight, provision is made for the overflow otM 
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water from the basin, in case the latter shonld be Med too 
full, either by elops being thrown into it, or by the water 
oontinnallj running from the supply-pipe in conseinence 
of a leaky valve. The overflow pipe starts from one side 
of the basin in which holes leading into it are perforated. 
It is then as a rule, carried downwards into the valve bos, 
hftTing a email siphon bend on it before entering. The 
water from the supply-pipe, aa it enters, is made to flow 
ronnd the basin by an inner plate, generally made of metal, 
called the " spreader," or still better, in the improved form 
of valve-closet, by means of a flushing rim. Thus, some 
of the water at each use of the closet passes through the 
holes leading into the overflow pipe; the object of this 
being to keep the siphon on that pipe charged with water, 
as it is clear that if thia siphon is not charged, the overflow 
pipe ventilates the valve box, that is to say the space 
between the valve and the surface of the water in the trap 
below, into the basin of the closet. Now, as a rule, the 
siphon trap on the overflow pipe does not remain charged 
with water, and even if it does, is of little nee for the 
following reasons ; — ^when by the pulling up of the handle 
the valve is made to move suddenly in the valve box, air 
from the latter is forced out through the water iu the 
siphon bend of the overflow pipe, aa any one can see, who 
will take the trouble to place a piece of moist tissue paper 
over the holes in the side of the basin leading into that 
pipe, and then work the handle of the closet; thus foul air 
from the valve box is driven into the basin, even when the 
siphon OQ the overflow pipe is charged. Furthermore, as 
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the masB of water in the basin rashes down throneh tha] 
valve box into the trap it carries the air along with it, and j 
when the valve is closed runs out of the vaJve box, draw- 
ing air throQgh the overfiow pipe, and displacing the water J 
in the siphon, which is in many cases left quite nn charged. 
Various remedies have been proposed for this. In Bold- ^ 
ing's " Simplex " valve closet a email pipe is carried ttom i 
Fta. 80. 




the watOT-supplj pipe into the overflow just above the I 
siphon, with a view of supplying water direct to the siphon ] 
each time the closet is used. In Jennings's valve closet | 
the overflow is trapped by means of a patent indi»- I 
rubber ball trap, which is something like a Bower trap np- I 
aide down. It is constructed so that the overflow water 1 
can displace the ball from the end of the water-pipe and I 
flow away around it, but any pressure of air from the valve I 
'onld only caase the ball to fit more closely against I 
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the end of the overflow pipe. In the valve cloBet made by 
Dent and Hellyer, the overflow pipe is made much larger 
than UBual, and the siphon deeper, bo that it holds a larger 
quantity of water, and at the same time a ventilating pipe 
is inserted into the valve bos and should be continaed 
through the wall to the onter air. By this means no 
cumulation of foul air in the valve box can take place, 
and any air that is drawn into it, while the water is pass- 
ing through it, comes in through the ventilating pipe 
instead of throngh the overflow. It is quite right toventi' 
late the valve box, but the best; way to deal with the over- 
flow pipe ia to disconnect it altogether from the valve box, 
and either carry it through the wall, placing a brass flap 
on the end of it, or let it end over the waste pipe of the 
safe. Indeed, it is hardly necessary to have an overflow 
pipe at all, as if the basin does get full, all that will happen 
is that the water will flow over the top of it into the safe 
and ran away. The advantage of this plan is that the ex- 
istence of a leaky valve is found out immediately, and the 
disadvantage is that it is hable to wet the under part of the 
seat and apparatus below it. Lead D-traps are generally 
placed under these closets, but this should never be allowed. 
Siphon or " Anti-D " traps should always be used, for the 
reasons ah-eady mentioned. Some valve closets are made 
with a galvanised iron siphon trap that is to be placed 
wholly or partially above the floor, and is provided with a 
screw cap that can be taken off for the purpose of clean- 
ing ; auch closets are made by Messrs, Tylor and Sons, 
and Messrs. Jennings. The latter also make closets, whicL 
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may be called "plug" olosete, the beat known variet 
baving the basin and siphon trap all in one piece of c 
The plug cloaee the entrance from the baein into the ai 
below, and is connected by a rod with the handle, t 
ia vertically over it. By means of an india-rubber fl 
the plug is made to Bt water-tight into the entrance of t 
siphon, and a body of water ia liept in the basin above i 
up to the level of the overflow, which is either mu 
through the plug and the rod joining it with the handle o 
by a separate trapped channel alongside of it. A plug i 
also made containing the patent ball trap mentioned above, i 
It will bo seen that in these closeta, no valve bos is neeeo- 1 
sary, and there is only a small air-apace between the watc 
in the trap and that in the basin. These cloaets 
made withont any trap at all, in which case the overflo* 
of the basin ie carried, by a pipe, straight through 
wall. Such trapless elosetg are occasionally useful on 
ground door, where the soil pipe can be carried straightl 
through the wall and disconnected from the aewcr by i 
ventilating trap outside ; but when used in any other wayJ 
trapless closets are very liable to become a nuisance. 

We must now consider more in detail the arrangements 
for the supply of water to the basin. The simplest 1 
of water- waste -preventer has already been mentioned, hatfl 
it must be remembered that the commonest plan for sup-1 
plying closets with water, is to place a spindle valve o 
valve box in the bottom of a cistern somewhere above I 
them, BO as to guard the entrance into the pipe leading to I 
*he basin of the closet, and to work this valve by meaoal 
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of wires connected with the pnll-np appn^atua. The 
great disadvantage of this apparatna is that the valve 
box re(|aiFeB an air pipe, the top of which ends above 
the water in the cistern, and that each time the apparatus 
is worked foul air and water from the valve boi are forced 
into the cistern. The wires also get stretched hy use, and 
have to bo shortened from time to time. There is, ob- 
viously, also no provision against waste of water, for tho 
water will run as long as the handle is held, or fastened 
up, until the oistem is empty. Neither is there any " re- 
gulator" to ensure a sufficient supply of water being 
delivered to the closet each time that the handle is pulled 
up, whether it la held up or not. Waste -preventing valves 
have been devised to ofTect these objects. When the handle 
of the closet is worked the valve is raised, and if tlio 
handle is let go, the valve does not fall directly but gradu- 
ally, so as to allow a certain quantity of water to flow into 
the basin of the closet. But if the handle is held up (or 
down in case of a ring and chain) a metal weight which was 
carried np with the valve falls, and stops the flow of water. 
Those valves may be nsod in cietems, and connected with 
the pull-up apparatus by wires, or they may be placed in 
the small waste -preventing cistern already described, with 
B view of ensuring the use of a definite quantity of water 
each time. In some of these waste -preventing cisterns 
the pipe supplying the closet does not start from the 
bottom, but starts inside the cistern in the form of a 
siphon which is so arranged that when the water is once 
started it all runs oS. These siphon-action water-waste. 
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preventflTB bave the great advantage that it is not neces- J 
snry to hold the bundle of tbo cloeet up, or the ring of the 
chain dowii, for more than an inetant, as when thia Ib 
done the cistern empties iteclf automatically, and the 
whole of the two gallons of water which it contaiiiB is dis- 
charged. They are moet useful for hopper or waBh-out 1 
closets, but are also occasionally need with valve closets, ' 
and a special one has been demised which gives the after- flush 1 
necGBsary to charge the basin. It is, however, quite possible J 
to use an ordinary dipbon-action water- waste- preventer with I 
a valve closet, as in practice the handle is let go before the I 
waste -preventer has emptied itself, and so the after-flush I 
ia secured. Begulator valvea are used in all the best I 
forms of closets. These are aB akeady hinted, valves that <| 
are so constructed that they allow a certain quantity of ' 
water to pass through them whether the handle of the 
closet be held np or not, so that the proper quantity of 
water is supplied even if the handle ia pulled up and let go 
at once. The oldest and beat known of these is Underhay'a 
regulator valve. The valve itself is, of course, worked by 
a lever, and the rate at which the valve is closed depends J 
upon the rate at which the lever falls. This rate is re- 1 
gulated by the fall of a piston in a cylinder, the escape of 
air from which can be controlled by means of a small tap, 
so that the rate at which the lever will fall and close tho 
valve, and, therefore, the quantity of water which will pass 
into the basin each time that tho handle is pulled up, can 
'■^gulated to a nicety. The commonest form of this 
tor ia known as the bellows regulator. Other regu- 
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lator valves are Tylor's and Jenninga's, in wliich, by 
meanB of simple arrangemeDts, the rate at which the 
lever fella and closes the valve can be controlled. When 
water is delivered on the coDKtant eetvice at high pressure, 

FiQ. 37. 
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Common's waste-preventer is sometimes naed. In this the 
requisite quantity of water ia collected under pressure in 
an iron cylinder, the air in which is compressed by tiie prea- 
sure of water from the main. Wlien the handle of the 
closet is pulled up, it moves a valve, which closes the pipe 
from the main, and opens that leading into the basin of 
the closet. The compressed air in the cylinder then ex- 
pands, forcing the water before it into the closet, and no 
more water will come in from the main until the handle 
is put down again, when it can only flow into the cylinder, 
and not into the closet. Vessels containing disinfect- 
ants or deodorants are sometimes attached to closets i 
such n manner that a certain portion of disinfecting ( 
deodoriaing fluid is thiown into tii6 '«%.'»« m "fea \ 
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eacli time the closet is osed ; but if closets are properly J 
coustmcted, this ia not necessary. 

The flushing apparatus Tor water-closets is sometimes J 
connected with the door of the closet or with the seat 
(see fig. 32), In the former case it is put in action when 
the door ia opened, and in the latter by the weight of 
the person. These appUaucea are useful in certain caaes, i 
but thoy are liable to get out of order. I 

We next come to the soil-pipe, which conveys the waste I 
matters from the water closet to the sewer. Boil -pipes are 1 
most frequently made of lead, aud they should as a general 1 
rule be four inchea in diameter. Formerly, when made I 
of lead, they were necessarily seamed pipes, as drawn I 
lead pipes were then unknown. Couseijuently there I 
were not only soldered joints at the ends of the lengths, I 
but a soldered seam longitudinally the whole length of 1 
the pipe. These seamed pipes should never now be J 
used, and where found should always be taken out, as I 
the seam gives way sooner or later, even when the pips 1 
is placed quite vertically, and it then aUows foul air to J 
escape into the house. Pipes of drawn lead should be J 
used, BO that the only joints are at the ends of the leugthB,.A 
and these can be made, and are commonly made, mors 1 
durable thou the pipe itself, which is not the case with thai 
seamed joints. Iron soil-pipes are sometimes used, and, .1 
indeed, are preferred in climates where there are great I 
variations of temperature, as they expand and contract J 
lees than lead ones do. But in this chmate drawn lead I 
eoii-pipes are preferable, especially if they are placed, as I 
.^£t^ ^B^uentlf are, inalde houaea, in ^hidi position IJ 
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Bhould never allow an iron one to he fixed, on account of 
thG difficulty of being sure tliat air-tight jointa are made ; 
and even outside a house lead ones are to be preferred 
althongh more expenBive, becanae when iron ones are used, 
it ia usually necessary to put lead pieces in to receive the 
lead pipe from the cloaet, to prevent a joint between»lead 
and iron being made inside the bouse, and however care- 
fully this is done, it always looks like a. patched-up job. 
"When lead pipea are placed outaide bouses, it is some- 
times necessary to have them cased to protect them 
from miscliief or violence, and oceasionaUy as a matter 
of appearance they are covered throughout their entire 
length with rectangular iron casing. In order that they 
may not project too much, a chasing in the wall can 
be made sufficiently deep to receive about half the pipe, 
Stoneware pipes are sometimes alao used for soil-pipes, 
but are not to be recommended inside houses, at any rate, 
on account of the numerous joints that have to be made. 
Occasionally, where work is " scamped," aoil-pipes are 
even made of zinc, and in the Farkcs Museum is a 
specimen of a D-trap made of very thin lead, with a zinc 
Boil-pipe attached. The latter has been eaten through by 
the foul air, ae might be expected. Foul air ia also capa- 
ble of perforating lead soil-pipes, especially if they are not 
ventilated ; and in the same Museum is a specimen of a 
lead soil-pipe, which was taken from under the floor of a 
bedroom, where it had very little fall, and which is per- 
fectly riddled with holes, eaten through tlie aohd lead by 
the foul air which accumulated in the pipe, A still more 
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remarkable spfloimeD, wbich I had lemoved from one 
the best closets in a country house, is also in that 
Museum ; in this the D-trap, soil-pipe, safe with its waste 
pipe and the waste pipe of a sink (ending in the D-trap) 
are all made of zinc, the only part made of lead being the 
wa^te pipe of the cistern which supplied tlie W.C. and the 
nink, and which also ends in the D-trap ; the zinc soil-pi] 
was not ventilated and ended in an iron one which 
connected by an un-ventilatod pipe-drain with a ccsspooljl 
large holes caused by the foul air are seen in the top of the 
D-trap ; repeated outbreaks of sore throat were produced 
in the house before this defect was discovered. 

In order to ventilate a soil-pipe, it is not sufficient 
merely to carry a small pipe, such as an inch or oven a 
2-iiiob pipe, from the upper part of it to the top of the 
house, but the 4-inch soil-pipe itself should be continued 
(full bore) to the top of the house, and should as a rule, 
project above the ridge of the roof. It may be covered 
simply with a perforated conical cap, not fixed on to the 
top of the soil-pipe, but Qxed so as to stand a little above 
it, and not to obstruct the flow of air out of it, or two or 
three copper wires may be fixed across the top, so as to 
prevent leaves from getting into it. Cowla of any kind 
are quite unnecessary, at any rate in tlie great majority of 
instances. Where an air inlet is made into tlie bouse- 
scwer, the soil-pipe should be carried into the latter by 
means of a bend — no trap of any kind being placed at the 
foot of it, bat where this is not the case, or where it is not 
proposed to ventilate the honse-sewer by meaas of the 
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B^O-pipe, or where the eoil-pipe cannot be cctrried above 
the roof, it is adviBable to place a diBconnectiiig trap of 
some kind at the foot of the BoU-pipe outside the hoase. 
In any ease It is nccossary that provision should be made 
for a free passage of air through the aoil-pipc. When the 
vertical Boil-pipe in at some distance from one or more 
closets, BO thnt the branch pipes from the closets to the soil- 
pipe are a few feet long, it is a good plan, and Bometimea 
necessary, to carry small ventilating pipes &om below the 
traps of the closets, and couDOct them to a pipe ontaide the 
hoase, which should be continued up above the roof, or 
joinedwiththesoU-pipe above the entrance of the arm from 
the highest water-closet. This will prevent an accumula- 
tion of foul air in the branch pipes and will also prevent the 
water passing down the main aoil-pipe from drawing the 
water out of the traps of closets beneath. It has even been 
proposed by Mr. Norman Shaw to diaconnect the branches 
of the soil-pipes of the closets &om the main soil-pipe out- 
side the house, by making them discharge into open heads, 
Komething like the heads of the rain- water pipes ; and Dr. 
Heron has devised a plan in which part of the branch 
pipe ia moveable, and so arranged that it is only connected 
with the main aoil-pipe when the hd of the closet ia open, 
but ia removed from it by the closing of the Ud ; while Mr. 
Bucban has proposed that tlio branch pipe should be a 
channel pipe, freely open to th^ air along the top. 

Water-cloBeta should, whenever it is possible, be separ- 
ated from the house by a ventilated lobby, or, at any rate, 
there should be two doors with special means of ventilation 
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for the space between them, and this leads me to speak of 
Mr. Saxon Snell's invention, in which by m 
arrangement called " The Duplex Lid," the closet D.ppara- 
tas is placed, by the closing of the lid, in a shaft which ia 
continued np above the roof of the house. The water i 
supply is also connected with the lid, so that the lid has -1 
to be closed iu order to fluBh the cloaot. 

We now come to sinks and baths. 

Of sinks there are various kinds. Sometimes i 
called "slop sinks" are provided to got rid of the dirty 
water, although the slops may, as a rule, be tlirown ' 
down the water-closets, eepeciolly where wash-oat or J 
hopper closets are used. The waste-pipes from slop j 
sinks should be provided with siphon traps, and are aa ' 
a rule, connected with the soil-pipes. They are, in fact, 
looked upon in much the same light as water-closets. 
The other upstairs sinks, as " house-maids' sinks," and the ' 
smaU sinks under taps, known as draw-off sinks, must not 
be connected with the soil-pipo or water closet appajatua. 
Their waste-pipes shonld always be provided with siphon 
traps immediately under the sinks, in order to prevent air 1 
coming into the house through tliese pipes, as it is rendered ■ 
foul by so doing, but at tlie other end these waete-pipea 
ehould always be disconnected from the honse-sewer, dis- 
charging into a pipe with an open head Uke a rain-water 
pipe, and this over a gully in the area. Scullery .links should 
always be disconnected from the sewer, but there is a dif- 
fnrpnoe of opinion as to whether or not this should be by 
a trap large enough to collect the fat from Uie ] 
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greasy water thrown down there. If such a trap is UBed, 
it must contain a sufficient amonnt of cold water to cool at 
once the hot water jj-om the sLuk that is tlirowu into it. 
Bat in any case, the pipe from the sink should pass under 
SD open grating before entering snch trap or the trap 
should be ventilated. The waste-pipes from baths should 
be invariably disconoected from the house-sewer in the 
same way as those from sinks. The waste-pipes of baths 
should be large, aay two inches in diameter, not only bo 
that they may be quickly emptied, hut that the large body 
of water being discharged suddenly may be made to flush 
the house-sewer. In large houses, where there are laun- 
dries, this is a still more important matter. A bath should 
have a lead "safe" tray placed under it, the waste-pipe 
of which must go straight through the wall of the house, 
and end in the open air. The disconnecting trap used in 
the areas for tlie waste-pipes of sinks and baths should be 
the ordinary siphon gully-trap with a galvanised iron 
grating (the waste-pipe being made to discbarge either 
over the gratuig, or preferably, as a rule, through holes in 
the side of the trap below the grating, but above the water 
in the siphon). 

To conclude. The principles that guide us in carrying 
out sanitary works are simple enough, but suffieient has 
been said in these chapters to convince everj'one tliat it is 
only by the minutest attention to details tliat we can hope 
to gnard ourselves against the dangers that surround ns, 
especially in the contrivances for the removal of refuse 
matters. 
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